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TDS Pees 1 ah nF a es ae de a a ee ES oe 
Acute and Chronic Antianginal Efficacy of Continuous Twenty- 
Four-Hour Application of Transdermal Nitroglycerin 

Steering Committee, Transdermal Nitroglycerin Cooperative Study 


This rigorously controlled double-blind trial in 562 patients with chronic 
angina pectoris who were randomized to placebo or doses of nitroglycerin 
from 15 to 105 mg/24 hours was designed to evaluate the development of 
tolerance to continuously applied transdermal nitroglycerin using exercise 
treadmill testing as the end point. Acutely, exercise performance improved 
4 hours after initial application of 15 mg/24 hour patches (+34 seconds 
versus placebo; p <0.05). This difference was no longer evident 24 hours 
after the first application or for the remaining 8 weeks of the trial despite 
increases in the transdermal dose up to 105 mg/24 hours. A partial 
tolerance to a sublingual nitroglycerin exercise challenge was also seen, 
with the highest doses leading to the greatest attenuation. Although there 
were no overall differences between groups in daily anginal frequency, 
a post-hoc analysis revealed that in a subset of the most symptomatic 
(>7 attacks per week at baseline) patients, angina was reduced by 6 to 7 
attacks per week in those receiving active patches versus a decrease of 
2 attacks per week in patients receiving placebo patches (p <0.05). This 
study clearly demonstrated that tolerance to exercise treadmill effects of 
continuously applied transdermal nitroglycerin occurs within 24 hours 
after initial patch application, and that tolerance is not overcome by 
increasing the dose. 
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Digoxin-Induced Vasoconstriction of Normal and 
Atherosclerotic Epicardial Coronary Arteries 

Ciro Indolfi, Federico Piscione, Enrico Russolillo, Bruno Villari, Paolo 
Golino, Vittorio Ambrosini, Mario Condorelli, and Massimo Chiariello 


The effects of digoxin infusion and sublingual administration of isosorbide 
dinitrate on large coronary arteries were investigated in patients with 
angiographically normal coronary arteries (group I) and in patients with 
atherosclerotic lesions (group II). In group I, 10 minutes after the end of 
digoxin infusion, cross-sectional area decreased from 7.7 + 4.1 to 6.0 + 
2.2 mm?, and after 20 minutes to 5.6 + 2.6 mm? (p <0.05). In group II, 
minimal stenosis diameter decreased significantly 20 minutes after digox- 
in infusion from 1.6 + 0.5 to 1.4 + 0.5 mm (p <0.05). Thus, bolus infusion 
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CONTENTS/ABSTRACTS 


of digoxin induced vasoconstriction of normal epicardial coronary arteries 
and reduced minimal stenosis diameter in patients with coronary artery 
disease. Digoxin-induced vasoconstriction was not mediated by an a- 
adrenergic mechanism and was reverted by sublingual administration of 
isosorbide dinitrate. 


2 | RR Adee TE EN Le Se a S Sid SS Sk at: 
Usefulness of Ambulatory Silent Myocardial Ischemia Added 
to the Prognostic Value of Exercise Test Parameters in 
Predicting Risk of Cardiac Death in Patients with Stable 
Angina Pectoris and Exercise-Induced Myocardial Ischemia 
Prakash C. Deedwania and Enrique V. Carbajal 


The prognostic significance of ambulatory silent ischemia was prospec- 
tively evaluated and compared with several exercise test parameters in 
patients with stable angina pectoris and a positive exercise test. There were 
86 patients (47 [group 1] without and 39 with [group 2] silent ischemia 
during ambulatory electrocardiographic monitoring). During follow-up 
(24 + 8 months) there were 11 cardiac deaths (2 [nonsudden] in group 1 
[4% mortality] and 9 [3 sudden, 6 nonsudden|] in group 2 [23% mortality; p 
<0.008]). Multivariate Cox’s regression analysis revealed ambulatory 
silent ischemia as the most powerful predictor of cardiac mortality 
(p = 0.003). These findings reveal that presence of ambulatory silent 
ischemia in patients with stable angina provides significant additional 
prognostic information to that derived from evaluation of exercise test 
parameters alone. 
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Usefulness of Electrocardiographic Findings and Creatine 
Kinase Levels on Admission in Predicting the Accuracy of the 
Interval Between Onset of Chest Pain of Acute Myocardial 
infarction and Initiation of Thrombolytic Therapy 

Aernout M. Beek, Freek W. A. Verheugt, and Albert Meyer 


To evaluate the relation of patient history to enzymes on admission and 
electrocardiography, 221 consecutive patients eligible for thrombolytic 
therapy were studied. Patients with symptoms within 6 hours (n = 170, 
early) received thrombolytic therapy, but those with symptoms after 6 
hours did not (n = 51, late). Creatine kinase levels on admission less than 
twice the upper normal limit were found in 155 (91%) early patients, but, 
surprisingly, also in 30 (59%) late patients. By electrocardiography on 
admission, ST-segment elevation was significantly higher in late patients 
with low initial enzymes than in those with elevated initial enzymes. 
Concomitantly, Q waves in leads with ST-segment elevation were present 
in about half of the late patients with low enzymes on admission and in 
nearly all of those with elevated enzymes on admission. Eventually, maxi- 
mal creatine kinase levels were similar in all late patients irrespective of 
enzyme levels on admission. Therefore, many patients with symptoms of 
acute myocardial infarction after 6 hours have low enzymes on admission 
and may still be eligible for thrombolytic therapy. Immediate enzyme 
testing and electrocardiography on admission may identify these patients. 
These data could be the basis for the improved survival reported with 
“late” thrombolytic therapy. 
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Frequency of Use of Thrombolytic Therapy in Acute 
Myocardial Infarction in Israel 

Solomon Behar, Edward Abinader, Avi Caspi, Daniel David, Michael Flich, 
Yaacov Friedman, Hanoch Hod, Elieser Kaplinsky, Yehezkiel Kishon, 
Natalio Kristal, Shlomo Laniado, Vladimier Markiewicz, Abraham Palant, 
Benyamin Pelled, Leonardo Reisin, Tiberio Rosenfeld, Natan Roguin, Libi 
Sherf, Babeth Rabinowitz, Zwi Schlesinger, Samuel Sclarovsky, Izhar 
Zahavi, Monty Zion, and Uri Goldbourt 


During a |-month survey, 145 of 413 patients (35%) with acute myocardi- 
al infarction (AMI) hospitalized in 18 coronary care units in Israel were 
treated with thrombolytic therapy. The latter treatment was more often 
given to men, patients aged up to 75 years and those with a first AMI. 
Hospital mortality was significantly higher in patients ineligible for 
thrombolysis but these patients had different characteristics than the 
counterparts treated with a thrombolytic agent. The 2 most common 
reasons for ineligibility for thrombolysis were late hospital arrivals and 
lack of ST elevation on the admission electrocardiogram. 
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Effect of Propranolol (Long-Acting) on the Circadian 
Fluctuation of Tissue-Plasminogen Activator and Plasminogen 
Activator Inhibitor-1 

Felicita Andreotti, Cornelis Kluft, Graham J. Davies, Linda G.M. Huisman, 
Anton C.W. de Bart, and Attilio Maseri 


The incidence of myocardial infarction and inhibition of fibrinolytic activ- 
ity in blood both peak in the morning. It is reported that 8 blockade blunts 
the higher morning frequency of myocardial infarction. This study there- 
fore investigates whether propranolol alters the circadian variation of 2 
major fibrinolytic factors, tissue-type plasminogen activator (t-PA) and 
plasminogen activator inhibitor-1 (PAI-1). Blood was taken every 3 hours 
for 24 hours in 13 healthy volunteers: 7 taking long-acting propranolol, 
160 mg/day for 14 days, and 6 taking no medications. The plasma activity 
and antigen levels of t-PA and PAI-1 showed a significant circadian 
fluctuation in both groups. Peak and nadir values, 24-hour mean, ampli- 4 
tude of fluctuation, and time of peak and nadir were not significantly 4 
different between groups. Thus, propranolol does not affect the circadian F 
rhythm of t-PA and PAI-1. The reported alteration in the circadian | 
pattern of onset of myocardial infarction by 8 blockers does not appear to 
be mediated by effects on the fibrinolytic system. 
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ESO asa ee Be E T E Tt Sa ae BI 3 | 
Specificity and Sensitivity of QRS Criteria for Diagnosis of 4 
Single and Multiple Myocardial Infarcts | 
Olle Pahlm, Wesley K. Haisty, Jr., Nancy B. Wagner, James E. Pope, and 
Galen S. Wagner J 


A subset of 3 criteria from the complete Selvester scoring system has been Gi 
proposed earlier for electrocardiographic screening of healed myocardial 
infarcts. In the present study an automated version of these criteria was 
applied to 1,344 electrocardiograms from normal subjects, 706 from sub- 
jects with single infarcts, and 131 from subjects with combined anterior 
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and inferior infarcts. Overall specificity was only 86%, whereas overall 

sensitivity was 77%. Differences in waveform measurements between the $ 
manual and computer methods accounted for a large part of the deteriora- 

tion of specificity in this study compared with previously published results. 

One of the screening criteria (R 240 ms in V, ) may possibly be eliminated 

to augment specificity; this can be done with only minor loss of sensitivity. 

Computer application of the screening criteria requires altered criteria 

limits in comparison with those used in manual application. Probably sex- 

and age-dependent criteria limits should be used. 


1305 
Intracoronary Ultrasound Evaluation of Interventional 
Technologies 

Charles J. Davidson, Khalid H. Sheikh, Katherine B. Kisslo, Harry R. 
Phillips, Robert H. Peter, Victor S. Behar, Yihong Kong, Mitchell Krucoff, 
E. Magnus Ohman, James E. Tcheng, and Richard S. Stack 





The feasibility and applicability of intravascular ultrasound (IVUS) were y 
evaluated in 70 patients undergoing coronary interventional procedures. 
Coronary interventions included 45 percutaneous transluminal coronary 
angioplasties, 9 excimer lasers, 11 directional coronary atherectomies, 3 
rotational atherectomies and 2 stents. IVUS provided supplemental mor- 
phologic data not identified with angiography including plaque composi- 
tion, plaque topography and vessel dissection. Postprocedure minimal 
lumen diameter and cross-sectional area measured by IVUS were larger 
and poorly correlated with angiography; r = 0.28, standard error of the 
estimate = 0.52; r = 0, standard error of the estimate = 1.0 cm2, respec- 
tively. Thus, ultrasound-determined postinterventional luminal dimen- 
sions are discordant with quantitative angiography. IVUS is more sensi- 
tive than angiography when assessing postinterventional lesion character- 
istics including vessel dissection and plaque morphology. Catheter-based 
ultrasound is a useful adjunct in contrast to angiography when evaluating 
and comparing the therapeutic impact of conventional percutaneous 
transluminal coronary angioplasty with new technologies. 


One ae ee SE eS a a A et A 
Usefulness of Morphologic Parameters in Predicting the 
Outcome of Coronary Excimer Laser Angioplasty 
Andreas Baumbach, Karl K. Haase, and Karl R. Karsch 


Lesion morphology and the outcome of coronary excimer laser angioplasty 
were analyzed in 148 consecutive interventions. Failure of laser angio- 
plasty is increased in totally occluded vessels and in target vessels with 
prestenotic vessel tortuosity. Laser angioplasty is therefore limited by 
reduced catheter flexibility and the requirement of guidewire support. 
Statistical analysis of the morphologic parameters in successful stand- 
alone laser interventions compared with combined or unsuccessful inter- 
ventions revealed no significant difference. Thus, once the catheter has 
reached the target, lesion morphology appears to be of minor importance 
for the outcome of coronary excimer laser angioplasty. 


Continued on page A24 
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Mae a eh UR a tS Te e a a, a i ae 
Early and Late Results of Coronary Angioplasty and Bypass in 
Octogenarians 

Matthew J. Mick, Conrad Simpfendorfer, Anita Z. Arnold, Marion 
Piedmonte, and Bruce W. Lytle 


To identify the best treatment strategy for octogenarians with symptomat- 
ic coronary artery disease, the early and late results of 195 octogenarians 
undergoing percutaneous transluminal coronary angioplasty or coronary 
artery bypass grafting were compared. Early and late results for this 
nonrandomized group were similar. Octogenarians with severe symptom- 
atic coronary artery disease should be considered for revascularization 
despite advanced age. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


We re E a i SE A See oe eee 
Effects of Increased Heart Rate and Sympathetic Tone on 
Intraventricular Electrogram Morphology 

Cynthia J. Finelli, Lorenzo A. DiCarlo, Janice M. Jenkins, Stuart A. 
Winston, and Pai-Chi Li 


Effects of increased heart rate and sympathetic tone on the intraventricu- 
lar electrogram appearance were evaluated. Intraventricular electrogram 
morphology, as assessed by correlation waveform analysis, remained sta- 
ble in 36 of 39 patients (92% ), whereas electrogram area and peak-to-peak 
amplitude fluctuated during accelerated heart rate caused by atrial over- 
drive pacing and infusion of sympathetic amines. However, overall mor- 
phology remained stable. Thus, template-based algorithms for recognition 
of ventricular tachycardia should remain robust in the face of physiologi- 
cally accelerated heart rate. 


pc A IN aN MLSE Ny Io IP BoE Po BB 
Role of Concealed and Supernormal Conductions During Atrial 
Fibrillation in the Preexcitation Syndrome 

Peng-Sheng Chen and Eric N. Prystowsky 


The hypothesis that retrograde concealed and anterograde supernormal 
conductions over the accessory pathway are determinants of accessory 
pathway conduction during atrial fibrillation was prospectively tested. In 
15 patients with both preexcited and normal QRS complexes, after nor- 
mal complexes the cycle length preceding the first preexcited QRS com- 
plex was 389 + 69 ms, which was longer than the average cycle length of 
consecutive preexcited complexes (325 + 55 ms; p = 0.001 ). In 2 patients 
with multiple accessory pathways, | accessory pathway conducted only 
after short preceding cycle lengths (355 to 360 and 181 to 185 ms). In 
conclusion, retrograde concealed conduction to the accessory pathway and 
anterograde supernormal accessory pathway conduction are factors that, 
in part, determine accessory pathway conduction during atrial fibrillation. 


Continued on page A26 
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CA NE es Lesa A SONS Wh aa Met A N i LIV So 
Superior Vena Cava Flow and Tricuspid Anular Motion After 
Cardioversion of Atrial Fibrillation, and Role of Right Atrial 
Relaxation on Systolic Venous Return 

Hiroshi Ochi, Shiro Izumi, Rinji Murakami, Toshio Shimada, Shigefumi 
Morioka, and Katsutoshi Moriyama 


To determine whether atrial relaxation or systolic descent of the tricuspid 
anulus is the predominant factor determining systolic venous return, 22 
patients with atrial fibrillation were studied. Superior vena cava (SVC) 
flow and tricuspid anular motion were measured using pulsed Doppler or 
M-mode echocardiography. Serial examinations of SVC flow and tricus- 
pid anular motion were performed before and after cardioversion. Both 
total excursion of the tricuspid anulus and SVC flow were also examined 
in relation to the ratio of the preceding to the pre-preceding RR interval 
(R2/R1). Systolic forward flow of SVC correlated with the ratio of late 
diastolic to total excursion of the tricuspid anulus (1.e., atrial function), but 
not with total excursion. Total excursion correlated with R2/R1, but 
systolic forward flow of SVC did not. These results indicate that atrial 
relaxation rather than descent of the tricuspid anulus was the predominant 
factor determining systolic venous return. 


1340 

Operative Mortality with Implantation of the Automatic 
Cardioverter-Defibrillator 

Robert D. Mosteller, Michael H. Lehmann, Andra C. Thomas, Kenneth 
Jackson, and Participating Investigators 


In 939 consecutive patients undergoing initial implantation of an automat- 
ic implantable cardioverter-defibrillator at 15 hospitals, 29 patients 
(3.1%) died during the first 30 days after surgery. A reference group of 
219 survivors (with known ejection fractions) had clinical characteristics 
similar to that of the mortality group, except for a significantly higher 
ejection fraction (34 + 15 vs 26 + 10%, respectively, p <0.001 ). Perioper- 
ative deaths were classified as: sudden in 7 (24%), tachyarrhythmic/non- 
sudden in 5 (17%), cardiac nonarrhythmic in 9 (31%), and noncardiac in 8 
(28%). Sustained ventricular tachycardia or fibrillation accounted for all 
9 in-hospital sudden and tachyarrhythmic /nonsudden deaths; 5 (56%) of 
these fatalities occurred in the setting of initially deactivated devices. 
Additional factors that may have played a role in sudden or tachyarrhyth- 
mic /nonsudden death included acute myocardial ischemia or infarction in 
2 (17%), “device proarrhythmia” in 3 (25%), and lack of defibrillation 
threshold testing in 3 (25%). These findings have relevance to patient 
selection and intra- and postoperative management practices related to 
automatic cardioverter-defibrillator implantation. 


Continued on page A32 
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SYSTEMIC HYPERTENSION 


1 OC | STE ae) Dare sat IN 9 a AD PR AD eee Oe ts rch 
Hemodynamic Comparison of Two Nifedipine Formulations in 
Patients with Essential Hypertension 

Edward D. Frohlich, Mario J. McLoughlin, Christoph J. Losem, Reinhard 
Ketelhut, and Franz H. Messerli 


The hemodynamic and humoral effects and trough-to-peak 24-hour blood 
pressure responses of 2 nifedipine formulations, capsules and continuous- 
release formulation tablets, were evaluated in 10 patients with mild to 
moderate essential hypertension. Both formulations similarly reduced 
mean arterial pressure from 120 + 3 to 107 + 2 and 105 + 2 mm Hg (p 
<0.005) and total peripheral resistance from 65 + 9 to 47 + 4 and 45 + 3 
(p <0.05) U /m?, respectively. Renal, splanchnic and total forearm blood 
flows were maintained or even increased slightly, associated with reduc- 
tions in regional vascular resistances. Decreases in renal and forearm 
resistances were significant (p <0.05) with capsules, but the decrease was 
only significant in renal resistance with the tablets. Intravascular volume 
did not expand with pressure reduction. The long-acting formulation 
nifedipine provided a better control pressure reduction (66%) than the 
capsules (44%), particularly with early morning readings. 


1351 


Effect of Nifedipine Tablets on Ambulatory Blood Pressure in 


Patients Aged <60 and >65 Years with Systemic Hypertension 
lwao Kuwajima, Yasuko Suzuki, Tatsuo Shimosawa, Kuniaki Otsuka, 
Hiroshi Kawamura, and Kizuko Kuramoto 


To assess the effect of age on the pattern of circadian blood pressure after 
administration of nifedipine tablets, ambulatory blood pressure (BP ) after 
low (10 mg, twice daily) and high doses (20 mg, twice daily) of nifedipine 
were measured over a 24-hour period in 10 elderly and 8 young hyperten- 
sive patients. In both groups, whole-day averages of systolic and diastolic 
BP had significant decreases from the control to the low-dose period. After 
the high-dose period, only the elderly group had a significant further 
reduction in systolic BP, whereas no further reduction was observed in the 
young group. Separate analysis into daytime and nighttime values re- 
vealed that further decrease in systolic BP after the high-dose period in the 
elderly group was a reflection of nighttime decline. 


1357 


Effects of Hydrochlorothiazide, Diltiazem and Enalapril on 


Mononuclear Cell Sodium and Magnesium Levels in Systemic 
Hypertension 

Abraham S. Abraham, Barry A. Brooks, Yisrael Grafstein, Ester 
Barchilon, Nafez Nubani, Uri Eylath, and Ovadia Shemesh 


Treatment with hydrochlorothiazide, enalapril or diltiazem resulted in a 
reduction in blood pressure in 56 elderly patients with mild to moderate 
hypertension. Serum potassium decreased by 17% (p <0.05) in patients 
who received hydrochlorothiazide, but returned to normal when enalapril 
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was substituted. Hydrochlorothiazide also produced a 23% reduction in 
mononuclear cell sodium content at 4 weeks (p <0.01 ), with a further 15% 
decrease at 12 weeks (p <0.05). Mononuclear cell potassium and magne- 
sium also decreased at 12 weeks (by 18 and 16%, respectively; p <0.05). 
All these effects were reversed when enalapril was substituted. Similar 
trends were seen with diltiazem, which were again reversed by enalapril. 
There was no relation between changes in mononuclear cell sodium or 
other cation content and changes in blood pressure. 


1 Ne | gee Rion S T ieee MC DES ESER ee ZETI OT CEPR eM deter SUSY) F 
Response to Mental and Physical Stress Before and During 
Adrenoreceptor Blocker and Angiotensin-Converting Enzyme 
Inhibitor Treatment in Essential Hypertension 

Esther Paran, Lily Neumann, Natalio Cristal, and David T. Lowenthal 


The effects of mental, static and dynamic stresses on physiologic parame- 
ters before and after B-blocker and angiotensin-converting enzyme inhibi- 
tor treatment were examined. Mental stress induced similar elevation in 
systolic and diastolic blood pressures (BPs) with and without -blocker 
treatment. During angiotensin-converting enzyme inhibitor treatment, 
the change in systolic BP was significantly greater. Skin temperature and 
galvanic skin resistance significantly decreased with mental stress. This 
decrease was attenuated by angiotensin-converting enzyme inhibitor. Af- 
ter handgrip exercise, increases in systolic and diastolic BPs and heart rate 
were similar before and after 6-blocker treatment, whereas the angioten- 
sin-converting enzyme inhibitor induced small but significantly fewer 
changes in diastolic BP and heart rate. Treadmill exercise induced similar 
changes in systolic and diastolic BPs with both treatments compared with 
no treatment. The angiotensin-converting enzyme inhibitor appears to 
provide additional protection during mental and static stressors. 


VALVULAR HEART DISEASE 


RNY a ets Beh Se cc uk SS na Ne 
Clinical and Anatomic Observations in Patients Having Mitral 
Valve Replacement for Mitral Stenosis and Simultaneous 
Tricuspid Valve Replacement 

Erik A. Eways and William C. Roberts 





Certain clinical and morphologic findings are described in 67 patients J 
(aged 23 to 76 years [mean 52], 55 women [82%]) who had mitral valve A 
replacement for mitral stenosis (with or without associated regurgitation ), 4 
and simultaneous tricuspid valve replacement for pure tricuspid regurgita- 
tion (58 patients) or tricuspid stenosis (all with associated regurgitation; 9 
patients). Of the 58 patients with pure tricuspid regurgitation, 21 had 
anatomically normal and 37 had anatomically abnormal (diffusely fibrot- 
ic leaflets) tricuspid valves. Among these 58 patients, no clinical or hemo- 
dynamic variable was useful before surgery in distinguishing the group 
without from that with anatomically abnormal tricuspid valves. All 9 
patients with stenotic tricuspid valves had anatomically abnormal tricus- F 
pid valves. The latter group had a lower average right ventricular systolic i 











ARCTRACTC AZE 


= EEREN; TERIS, i = 
iy i t z 


e ma ee ees a PIPIA 
BADE sii a 
{ ‘ a ` Ai 


CONTENTS/ABSTRACTS 


pressure (tricuspid valve closing pressure) than those with pure tricuspid 
regurgitation, and none had severe pulmonary arterial hypertension 
(present in 20 [30%] of the 58 patients with pure tricuspid regurgitation). 


CARDIOMYOPATHY 
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Prognostic Features of Children with Idiopathic Dilated 
Cardiomyopathy 

Henry B. Wiles, Patrick D. McArthur, Ashby B. Taylor, Paul C. Gillette, 
Derek A. Fyfe, John P. Matthews, and Leslie W. Shelton 


The improved results of cardiac transplantation in children has created a 
greater emphasis on defining the outcome of children with idiopathic 
dilated cardiomyopathy. Only by knowing the outcome of this disease can 
patients be identified who would benefit most from this surgical interven- 
tion. This study reviewed the presenting clinical features, diagnostic evalu- 
ation and clinical outcome of 39 children with dilated cardiomyopathy. 
No consistent clinical feature accurately predicted the 33% who died, 42% 
who improved or 25% in whom idiopathic dilated cardiomyopathy re- 
solved. The appropriate use and timing of cardiac transplantation in 
children with dilated cardiomyopathy remains a difficult question. 
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Effect of Digoxin on Contractility and Symptoms in Infants 
with a Large Ventricular Septal Defect 

Thomas R. Kimball, Stephen R. Daniels, Richard A. Meyer, David W. 
Hannon, Jason Tian, Rakesh Shukla, and David C. Schwartz 


Nineteen infants with symptoms of congestive heart failure due to a large 
ventricular septal defect were studied to determine if digoxin improves 
contractility and symptoms when added to diuretics. Symptoms, signs 
(heart and respiratory rates, and weight gain), shortening fraction, pre- 
load, afterload and contractility were measured during each of 4 study 
periods: (1) before medication; (2) while on diuretics alone; (3) while on 
diuretics and digoxin; and (4) while on diuretics alone. When digoxin was 
added to diuretics, contractility was significantly greater than in control 
subjects. When patients were again on diuretics alone, contractility was no 
longer different. There was no significant improvement in symptoms and 
signs with diuretics alone or in combination with digoxin. It is concluded 
that although contractility index significantly improved in infants with a 
large ventricular septal defect shunt while on digoxin and diuretics com- 
pared with that in control subjects, neither medication improved symp- 
toms significantly. 
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_ Age-Related Variation In Contractility Estimate in Patients 
<20 Years of Age 
Thomas R. Kimball, Stephen R. Daniels, Philip Khoury, and Richard A. 
by Meyer 





To determine reproducibility and age and sex dependence of the relation 
of velocity of fiber shortening (VCF) to wall stress (WS), 204 children 
(113 boys, 91 girls) were divided into 3 groups: group | <6 months old 
(n = 27), group 2 >6 months but <3 years old (n = 38), and group 3 >3 
and <20 years old (n = 139). All underwent echocardiography. In addi- 
tion, 25 patients underwent serial echocardiography (n = 44). Only 1 of 
these 44 repeat data pairs of VCF and WS was outside the 95% confidence 
limits for that relation. VCF was significantly inversely and linearly relat- 
ed to WS in all groups (p = 0.001). There was a significant difference in 
the regression lines between groups. The younger groups had significantly $ 
steeper slopes and higher y-intercepts than the older group (p <0.01). 
There was no relation to gender. When examining contractile state in 
young patients, clinicians and investigators need to relate data points to 
the appropriate age-related regression line. 
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Sudden Unexpected Death in Persons <40 Years of Age 
Yaacov Drory, Yoseph Turetz, Yehuda Hiss, Boaz Lev, Enrique Z. 
Fisman, Amos Pines, and Mordechai R. Kramer 
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E Retrospective assessment of underlying causes and prodromal symptoms 
l in sudden unexpected death in 162 subjects (aged 9 to 39 years) revealed 

cardiac, noncardiac and unidentifiable causes in 73, 15 and 12% of sub- 
3 jects, respectively. Myocarditis (22%), hypertrophic cardiomyopathy (22) 
à and conduction system abnormalities (13) were the major causes in 32 
subjects aged <20 years. Among subjects aged 20 to 29 years, there were 
46 deaths (atherosclerotic coronary artery disease [24%], myocarditis [22] $ 
and hypertrophic cardiomyopathy [13]). Atherosclerotic coronary artery 
i disease accounted for 58% and myocarditis for 11% of deaths in 84 
A subjects aged 230 years. Among noncardiac causes, intracranial hemor- 
rhage was most frequent (5%), followed by infectious disease (4). Prodro- 
mal symptoms were reported by 54% of subjects. Sudden death during 
routine daily activity in 49% and sleep in 23% of subjects was related to 
physical exercise in 23% and emotional upset in 6%. Early recognition of 
prodromal symptoms could be crucial in the prevention of sudden death, 
specifically when exercise-related. 


EDITORIAL 


1393 
The Mystery of Nitrate Resistance 
Jonathan Abrams 
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Acute and Chronic Antianginal Efficacy of 
Continuous Twenty-Four-Hour Application of 
Transdermal Nitroglycerin 


Steering Committee, Transdermal Nitroglycerin Cooperative Study 


To resolve the controversies surrounding the 
antianginal use of chronic, continuous 24-hour 
transdermal nitroglycerin therapy, a double- 
blind, placebo-controlled, randomized, parallel- 
group study was designed. Eligible patients had 
chronic angina pectoris with symptom-limited, 
reproducible treadmill tests and were responsive 
to sublingual nitroglycerin (n = 562), Patients 
were randomly assigned to placebo or 1 of 7 
doses of active treatment (15, 30, 45, 60, 75, 
90 and 105 mg/24 hours). In the active drug 
groups, treatment was initiated with 15 mg/24 
hours during the first week of double-blind dos- 
ing with subsequent weekly increases until the 
assigned dose was reached, after which the dose 
was held constant. Treadmill tests were per- 
formed 0, 4 and 24 hours after the initial dou- 
ble-blind patches were applied, after each titra- 
tion step and after 8 weeks. At the end of dou- 
bie-blind therapy, a sublingual nitroglycerin 
exercise challenge was repeated. Exercise toler- 
ance in patients using the active patch increased 
34 seconds (p <0.05) over patients taking place- 
bo 4 hours after the initial application of double- 
blind therapy, but there was no statistically sig- 
nificant difference in exercise time between pla- 
cebo and active drug groups by 24 hours after 
the first application or for the remaining 8 weeks 
of the trial. Increasing the dose did not overcome 


From Searle Research and Development, Skokie, Illinois; the Pharma- 
ceuticals Division, CIBA-GEIGY Corporation, Summit, New Jersey; 
and the Schering-Plough Corporation, Kenilworth, New Jersey. The 
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December 31, 1990; revised manuscript received and accepted July 8, 
1991. 

Address for reprints: David Poorvin, PhD, Schering-Plough Corpo- 
ration, 2000 Galloping Hill Road, Kenilworth, New Jersey 07033. 


the loss of effect. A partial attenuation of the re- 
sponse to a sublingual nitroglycerin challenge 
seen on exercise tolerance testing also occurred, 
with patients who received the highest dose 
showing the greatest attenuation. There were no 
differences in angina frequency among the 
groups, although in a post hoc analysis, patients 
with >7 attacks per week had a reduction in an- 
ginal frequency of 6 to 7 attacks per week with 
active treatment versus 2 attacks per week with 
placebo. The study showed that (1) tolerance to 
the exercise effects of continuous transdermal 
nitroglycerin develops within 24 hours after ap- 
plication; and (2) increasing the dose does not 
overcome this tolerance. The observation that 
symptomatic improvement may occur in the ab- 
sence of increases in exercise tolerance seems 
deserving of further study. 

(Am J Cardiol 1991;68:1263-—1273) 


ransdermally applied nitroglycerin systems 

gained wide use for the prophylactic treatment 
of angina pectoris after their initial marketing 
because they provided a convenient way of maintaining 
a constant serum concentration of nitroglycerin.! How- 
ever, despite acceptance by physicians and patients,” 
concerns regarding tolerance to chronic continuous 
administration (24-hour application) of nitroglycerin 
began to emerge. Whereas several double-blind, place- 
bo-controlled trials documented acute and chronic 
antianginal efficacy as measured by either exercise tol- 
erance>-? or symptomatology,*>*-!2 other investiga- 
tions!3-!9 failed to demonstrate sustained activity after 
the first 24 hours of initial patch application. One rea- 
son for these discordant findings may have been that 
most of these studies were of relatively small sample 
sizes with insufficient power to draw definitive conclu- 
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sions. In an e fort to resolve this controversy, a study of 
adequate statistical power was designed to determine 
whether chronic continuous transdermal nitroglycerin 
was effective and how it compared with acute adminis- 
tration; to see whether a dose-response relation existed 
with transdernal patches; and to learn whether doses 
larger than those currently used in clinical practice 
were required for efficacy. 


METHODS 

Study prctocol: The study was a randomized, 
double-blind, placebo-controlled, multicenter, parallel 
group, dose-response trial. Patients were randomized to 
placebo or 1 əf 7 doses of active treatment. A priori, 
the 8 dosage assignments were combined into 4 treat- 
ment groups: placebo, low dose, medium dose, high 
dose (Figure ` ). Randomization was performed to pro- 
vide for equal numbers of patients in each of the 4 
treatment graups. The first phase of the study was a 
single-blind stabilization /run-in period of 1 to 4 weeks’ 
duration. To 3e eligible for the study, patients had to 
develop moderate angina within 3 to 7 minutes on a 
treadmill test on day 1. Patients also had to show 
>20% improvement in total exercise time 5 minutes 
after administzation of an 0.4 mg sublingual nitroglyc- 
erin tablet. Patients satisfying these 2 criteria wore pla- 
cebo patches for the rest of phase I. To qualify for ran- 
domization to double-blind therapy, patients were re- 
quired to fulfil the following stabilization criteria on 3 
consecutive treadmill tests: (1) development of moder- 
ate angina between 2.5 and 7.5 minutes; and (2) a dif- 
ference in time to moderate angina between consecutive 
tests of <15%. The last qualifying treadmill test of 
phase I was designated as the baseline, pretreatment 
test. 


The second phase of the study was a double-blind, 
parallel, forced titration period of 6 weeks’ duration. 
The parallel dosage assignments were 0, 15, 30, 45, 60, 
75, 90 and 105 mg/24 hours of transdermally applied 
nitroglycerin. The titration sequence consisted of week- 
ly dose increments with all patients randomized to ac- 
tive drug receiving patches delivering 15 mg/24 hours 
of nitroglycerin for the first week. After each subse- 
quent week of phase II the dosage was increased by 15 
mg/24 hours until the randomized dosage assignment 
was achieved for each patient, after which the dosage 
remained constant for the remainder of the double- 
blind period. As the titration phase proceeded, the 
number of patches increased weekly, with the number 
of active and placebo patches varying to provide for 
proper dose assignment and blinding. All patches were 
worn on the upper body for a continuous 24-hour peri- 
od and were replaced with fresh patches daily. During 
the titration sequence, treadmill tests were performed at 
the beginning of each titration week with a triad of 
tests performed at 0, 4 and 24 hours after patch appli- 
cation. The 0-hour test was performed with the previ- 
ous day’s patch in place, and the 4- and 24-hour tests 
were performed with new patches from the next week’s 
sequence in place. The third phase was a 2-week, dou- 
ble-blind, fixed dose period with the assigned titrated 
dose. At the end of phase III, another series of 0-, 4- 
and 24-hour treadmill tests were performed. Approxi- 
mately | to 2 hours after the 24-hour test, patients were 
again given a 0.4 mg sublingual tablet of nitroglycerin, 
and 5 minutes later performed a final treadmill test. 

The last phase of the study was an optional 2- 
week, double-blind detitration period during which the 
transdermal nitroglycerin dose was gradually reduced 
to zero. 
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aae er rerevnem ements cette 


The protocol was reviewed and approved by the ap- 
propriate human investigational review committees at 
each study center before initiation and all patients gave 
written informed consent before enrolling in the trial. 

Patient selection: Patients were recruited from 68 
centers across the United States. The participating cen- 
ters are listed in the Appendix. Patients were consid- 
ered for enrollment if they were outpatients, 221 years 
of age, of any race and either sex, with a primary diag- 
nosis of stable effort-induced angina pectoris, Patients 
were also required to have objective evidence of myo- 
cardial ischemia. For patients with analyzable ST seg- 
ments, the objective criterion for myocardial ischemia 
consisted of an ST segment depression of 21 mm dur- 
ing the initial treadmill test; for patients whose ST seg- 
ments were not analyzable, objective evidence of dis- 
ease was either angiographic evidence of significant 
(>60%) narrowing of a major coronary artery, a docu- 
mented myocardial infarction or a positive thallium 
stress test. 

Patients were excluded from entry if they had con- 
comitant conditions that might interfere with the as- 
sessment of their angina (e.g., hiatus hernia, peptic ul- 
cer disease, aortic stenosis, intermittent claudication). 
Patients were also excluded if they had had a myocar- 
dial infarction or coronary revascularization procedure 
within 3 months of enrollment. Other reasons for exclu- 
sion were: presence of a pacemaker; uncontrolled hy- 
pertension; brittle or uncontrolled diabetes; and signifi- 
cant hepatic, renal or hematologic disease. Patients 
were not allowed to take any long-acting antianginal 
medications during the trial except 8 blockers (provided 
the dosage was unchanged during the trial). Other ex- 
cluded medications were vasodilators (e.g., hydralazine, 
dipyridamole, prazosin) and aspirin in dosages exceed- 
ing 325 mg/day. 

Treadmill stress test: A standard Bruce protocol 
treadmill test (starting at stage 1) was used for all 
stress tests. All exercise tests (0, 4, 24 hours) were 
scheduled at the same time each day for any given 
patient. Tests were performed 22 hours after a 
light meal. Electrocardiographic monitoring during the 
treadmill tests used the lead showing the maximal ST 
depression during the initial phase I test. Blood pres- 
sure, heart rate and ST-segment deviation were record- 
ed just before exercise, at the end of each 3-minute 
stage completed, at the development of moderate angi- 
na and at the end of the test. 

Anginal frequency/symptomatology: Attacks of an- 
gina pectoris and use of sublingual nitroglycerin for its 
relief were recorded daily in diaries; the patient’s diary 
was reviewed each week with the patient for complete- 
ness and accuracy. Three symptoms (headache, dizzi- 
ness and nausea) were solicited prospectively in the 
weekly diaries. Other adverse experiences were collect- 


TABLE I Baseline Group Characteristics 


Low Medium 
Dose Dose 


High 


Placebo Dose 


No. of pts. 138 138 
Age (yr) 64 62 
Gender (%) 
Men 83 82 
Women 17 18 
Race (%) 
White 
Black 
Other 
B blockers (%) 
Never 
Withdrawn 
Continued 
Angina/wk (median) 
SL NTG/wk (median) 
Supine BP (mean) 
Systolic 132 130 
Diastolic — 80 79 
Supine HR (mean) 66 65 


*p < 0.05 versus placebo. 
BP = biood pressure; HR = heart rate; SL NTG = sublingual nitroglycerin. 





ed by open-ended questioning of patients during the 
clinic visits. 

Trial organization: A Steering Committee (Appen- 
dix) maintained responsibility for organization and exe- 
cution of the study. An independent Safety Committee 
(Appendix) was charged with monitoring for the occur- 
rence of serious adverse events. 

Statistical analysis: Data from all centers were 
pooled for purposes of statistical analyses. All analyses 
were performed on an intent to treat basis. For efficacy 
analyses, a priori, the 8 dosage assignments were com- 
bined into 4 treatment groups: placebo, low dose (15 
and 30 mg/24 hours), medium dose (45 and 60 mg/24 
hours), and high dose (75, 90 and 105 mg/24 hours). 
The a priori primary efficacy variable was symptom- 
limited treadmill walking time (i.e., time to moderate 
angina, or, in its absence, total walking time to end 
points such as fatigue, shortness of breath, or for end 
points related to safety concerns). Secondary end points 
of treadmill testing were time to 1 mm ST depression 
and percentage of patients achieving a 220% increase 
in walking time (treatment success), The primary effi- 
cacy analysis was the comparison of the changes from 
baseline between treatment groups after the first 2 
weeks of a fixed dose (with each treatment group com- 
pared to concurrent placebo). With use of 2-sample t 
tests incorporating unequal variances, groups receiving 
active treatment were tested separately against placebo. 
All treatment groups were also compared with those 
taking placebo after the first 4- and 24-hour double- 
blind treadmill tests and at the end of phase III with 
use of l-way analysis of covariance with baseline 
as a covariate and multiple comparisons techniques. 
Changes from baseline in diary data of anginal fre- 
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TABLE II Chenges in Total Treadmill Time and Time to 1 mm 
ST Depressior Four and 24 Hours After Initial Application of 
Double-Blind Patches 


Mean (+SEM) Changes from Baseline (seconds) 


4 Hcurs After Application 


24 Hours After Application 


Time Time 

to to 
Treatment Total 1 mm Total 1mm 
Group No. Time No. ST No. Time No. ST 


Placebo 132 15 +4109 8 +7 131 26+4 108 21+7 
Low dose 138 48*+5 118 56*+7 134 35+4 116 28+7 
Medium 134 51*~+5 113 53* +7 135 31+5 113 17+7 
dose 
High dose 147 48* +5 117 56* +7 146 242+4 117 14+6 
‘Statistically sigrficantly different from placebo at the 0.05 level, 
A smaller number of patients were evaluable for ST depression because approxi- 


mately 17% of elec~ocardiograms at baseline were uninterpretable for that variable. 
SEM = standard 2rror of the mean. 





quency and sublingual nitroglycerin use were analyzed 
using nonparametric methods (Mann-Whitney rank 
sum test for setween-treatment comparisons and Wil- 
coxon signed rank test for within-treatment compari- 
sons). 


RESULTS 

A total of 751 patients were enrolled into the study. 
Five hundrec sixty-two were randomized to double- 
blind therapy, with 136 allocated to placebo, 138 to 
low-dose, 13€ to medium-dose, and 150 to high-dose 
nitroglycerin. The 4 groups were well balanced with re- 
gard to baseline characteristics (Table I) and, except 
for a slightly higher supine systolic blood pressure in the 
high-dose grcup, there were no statistically significant 
differences between groups in any of the variables. In 
all, 455 patients (81%) completed the study (86% pla- 
cebo, 78% Icw dose, 83% medium dose, 77% high 
dose). 


Incr Over 
Baseline (Sez) 


20 


10 


4 Hour Test 





Exercise testing: The baseline exercise tests for the 
treatment groups were comparable and were not statis- 
tically different. All patients terminated their baseline 
exercise test for moderate angina. Total treadmill times 
(mean + standard deviation) were 322 + 79 seconds 
for the placebo group, 306 + 73 seconds for the low- 
dose group, 309 + 77 seconds for the medium-dose 
group, and 321 + 74 seconds for the high-dose group. 

Four hours after application of the first set of dou- 
ble-blind patches (15 mg/24 hours for all patients re- 
ceiving active treatment because of the step-up titration 
sequence of the study), the mean changes in total walk- 
ing time from baseline were greater in the active treat- 
ment groups than in the placebo group. The difference 
of 34 seconds between the 3 pooled active treatment 
groups and placebo group was statistically significant 
(Table II, Figure 2). 

Twenty-four hours after the initial patch application 
(15 mg/24 hours for all active treatment patients), 
mean changes in total walking times were generally 
similar for all treatment groups. No statistically signifi- 
cant difference Setween the pooled active treatments 
and placebo groups was observed (Table II, Figure 2). 
In subsequent titration weeks, the acute 4- and 24-hour 
response to dose increases showed no statistically signif- 
icant differences between any active treatment and 
placebo. 

The same pattern of acute and 24-hour response 
was observed for time to onset of 1 mm ST-segment 
depression (Table IT). 

After 2 weeks of double-blind, fixed-dose therapy, 
mean total walking time 24 hours after patch applica- 
tion increased compared with baseline in all of the 
treatment groups, but there were no statistically signifi- 
cant differences or trends in the magnitude of these in- 
creases between any active treatment group and con- 
current placebo (Table III). Similar results were seen 


FIGURE 2. Acute exercise 
tolerance data. Four hours 
after initial application of 
double-blind patches, the in- 
crease (incr) in treadmill ex- 
ercise time over baseline was 
statistically significantly 
greater for the active treat- 
ment groups than for place- 
bo. This difference was no 
longer evident 24 hours after 
patch application. HD = high- 
dose group; LD = low-dose 
group; MD = medium-dose 
group; PL = placebo group; 
*p <0.05 versus placebo. 


24 Hour Test 
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at 4 hours after patch application after 2 weeks of 
fixed-dose therapy (Table III). There were no signifi- 
cant differences between the groups in time to develop- 
ment of 1 mm ST-segment depression at 4 or 24 hours 
(Table HI). The percentages of treatment “successes” 
in each treatment group were similar (range 37 to 
50%). There were no statistically significant differences 
in the percentage of successes between any active treat- 
ment group and the corresponding placebo group. Be- 
cause some patients terminated their treadmill tests for 
symptoms other than moderate angina after random- 
ization, in addition to the aforementioned analysis, sur- 
vival analysis techniques were used to incorporate the 
censoring of total treadmill time for those patients fail- 
ing to develop moderate angina on the treadmill. The 
differences between the active treatment and placebo 
groups were, once again, not statistically significant el- 
ther 4 or 24 hours after patch application, and con- 
firmed the original analysis. 

Similarly, after 8 weeks of double-blind treatment, 
placebo and active treatments were indistinguishable 
for total walking time and time to the onset of 1 mm 
ST depression (Table IV). 

Individual dose groups were analyzed in a post hoc 
fashion. There was no apparent dose-related trend in 
any of the exercise end points. Only the difference for 
the 30 mg/24 hour treatment sequence versus placebo 
reached nominal (not corrected for multiple compari- 
sons) statistical significance after 8 weeks of treatment 
(Figure 3). Subsequent to these results, the baseline 
characteristics of the 30 mg/24 hour group were ana- 
lyzed for any uniqueness. There were no identifiable 
variables that set this group apart from the other 
groups. 

Data analyses were performed to identify a sub- 
group of patients whose exercise response to the initial 
application of transdermal nitroglycerin did not atten- 
uate with continuous therapy. Subgroups of individual 
and combination groupings of race, sex, 8-blocker use 
and baseline characteristics were evaluated. No sub- 


FIGURE 3. Chronic exercise 
tolerance data after 8 weeks 
of double-blind therapy. All 
groups showed increase 
(Incr) in treadmill perfor- 
mance over baseline at the 
end of the trial. Only the 30 
mg/24 hour group demon- 
strated a nominally statisti- 
cally significant increase that 
was greater than the placebo 
response. *p <0.05 over pla- 
cebo. 


Incr Over 
Baseline 80 
(sec) 





Placebo 15mg 30mg 45 


TABLE fll. Changes from Baseline After Initial Two Weeks of an 
Assigned Dosage 


Mean (+SEM) Changes from Baseline (seconds) 


4 Hours After Application 24 Hours After Application 
Time 
Total Total 
Treatment EX. Ex, 
Group Time No. Time No. 


Low dose 
Placebo 
Active 

Medium 

dose 
Placebo 
Active 

High dose 
Placebo 
Active 


52 +7 106 
54+6 101 


53 +6 106 
54+6 101 


68+8 103 
71+8 102 


72 £8 103 
69+7 102 


82+9 98 
2+8 93 


87 +9 98 
79*8 93 


TABLE IV Changes from Baseline After Eight Weeks of 
Double-Blind Therapy 


Mean (=SEM) Changes from Baseline (seconds) 


4 Hours After Application 


24 Hours After Application 


Tota! Tota! 
Treatment Ex. EX, 
Group Time No. Time No. 


79+9 97 86 + 9 97 
89 +8 92 88 +8 93 
93+ 8 96 90+ 8 97 


Placebo 
Low dose 
Medium 
dose 
High dose 75 +8 93 82 +8 93 


Ex, = exercise; SEM = standard error of the mean 





group of responders could be identified that sustained 
the improvement in exercise capacity noted after the 
initial 4 hours of patch application. 

A steady increase in treadmill performance was seen 
in all treatment groups as patients progressed through 
the study’s 28 exercise tolerance tests. Figure 4 shows 
the weekly initial O-hour tests for the placebo group 
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TABLE V Exe cise Response to Sublingual Nitroglycerin 







Mean “otal Exercise Duration (seconds) 






Initial “isit Final Double-Blind Visit 






Treat- Mean Mean 
ment % % 
Group Baselire SLNTG Change Baseline SLNTG Change 

















Placebo 300+6 41229 410+13 473 + 12 19 
Low 286 +6 388 + 7 37 394 + 12 428 + 11 11 
Medium 290 =6 400 +8 39 396+ 11-42606412 9 
High 298 =6 406 +7 38 403 + 11 419211 5 





SL NTG = sublingual nitroglycerin challenge. 


from the start of the trial through the 8 weeks of dou- 
ble-blind therapy. By the end of the study, treadmill 
time had increased by approximately 25% and one 
fourth of thes placebo-treated patients terminated the 
test for fatiguz-related symptoms rather than for angi- 
na (even though angina was the required termination 
end point for all patients at the baseline treadmill test). 
This same pattern of improvement in total exercise 
time and charge in exercise end point was seen in each 
of the active treatment groups. 

Exercise -ests — sublingual nitroglycerin chal- 
lenge: The to-al treadmill walking times after the ad- 
ministration o? a 0.4 mg sublingual nitroglycerin tablet 
at the first vist of phase I and after 8 weeks of double- 
blind therapy -are listed in Table V. At the end of the 
study, mean fotal walking time after sublingual nitro- 
glycerin increased in comparison to the initial sublin- 
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gual nitroglycerin challenge in all 4 treatment groups. 
The greatest increase at the end of the study occurred 
in the placebo group. A partial attenuation of response 
to sublingual nitroglycerin in the active transdermal ni- 
troglycerin treatment groups followed a dose-related 
pattern. 

Anginal attack frequency by diary: The median fre- 
quency of anginal attacks at baseline for all randomized 
patients ranged from 2.7 to 3.5 attacks per week. Dur- 
ing the double-blind period, anginal attack rate general- 
ly decreased more in the transdermal nitroglycerin 
treatment groups than in the placebo group but the dif- 
ferences were not statistically significant. 

The median use of sublingual nitroglycerin at base- 
line ranged from 1.0 to 1.7 tablets per week. During the 
double-blind portion of the trial, the median change 
from baseline in use of sublingual nitroglycerin was 0.0 
tablets per week for all treatments. 

Because approximately 25% of all patients during 
the baseline period did not have symptomatic attacks or 
take sublingual nitroglycerin, a post hoc subgroup anal- 
ysis of treatment effect on symptoms was conducted in 
patients in the top quartile of anginal frequency at 
baseline. Patients in this top quartile had over 7 attacks 
per week at baseline. In this post hoc subgroup, greater 
reductions in anginal frequency were observed for all 
patients taking active nitroglycerin treatment than for 
those taking placebo at both 2 and 8 weeks, although 
differences in the medium-dose group were small at 2 
weeks (Figure 5). Each group who received active ni- 














FIGURE 4. Exerzise tolerance data during placebo therapy. Total treadmill exercise time increased over course of the trial in pa- 
tients with angira randomized to placebo. Although all patients were required to have angina-jimited exercise performance at 
the baseline visit, one quarter of the patients terminated at double-blind week 8 for fatigue-related reasons even though they 
were exercising Tor longer periods. Baseln = baseline treadmill test immediately before randomization; DB = double-blind; 


Wk = week. 
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troglycerin treatment by itself, was not statistically sig- 
nificantly different from the placebo group (possibly 
because the sample sizes were 18 to 29 patients per 
group). When patients who received active treatment 
were combined (as seemed reasonable since the re- 
sponse rates were similar for each active treatment 
group) and then compared with the placebo group, the 
threefold greater reduction in anginal frequency at the 
end of 8 weeks of double-blind therapy was different 
from those taking placebo (p <0.05 by 2-sided Mann- 
Whitney Test). This result should be interpreted with 
caution as it resulted from a post-hoc analysis. 
Exercise performance was evaluated subsequently 
for this subgroup of patients in the top quartile of base- 
line frequency of angina. There were no differences in 
exercise performance compared with that in the place- 
bo group, and no correlation of treadmill response to 
decrease in anginal attack rate was found. 
Hemodynamic effects: Four hours after the initial 
application of active (15 mg/24 hours) patches, supine 
and standing blood pressures were reduced compared 
with blood pressures in the parallel placebo group (e.g., 


FIGURE 5. Median 
changes in anginal attack 
frequency during the dou- 
ble-blind period for the 
subset of patients in the 
top quartile of baseline 
angina. These 103 pa- 
tients had >7 attacks of 
angina per week at base- 
line. In a post-hoc analy- 
sis, the difference be- 
tween placebo and active 
therapy at week 8 was 
statistically significant at 
the p = 0.05 level. 


Change 
from 


Baseline 


FIGURE 6. Standing systolic blood 
pressures in the placebo and 45 mg/24 


End of 2 Wks Double-Blind 
[C] Placebo 





a representative group response is shown in Figure 6). 
After the first week of double-blind therapy, and for 
the rest of the study, differences in blood pressure be- 
tween active and placebo groups were no longer evi- 
dent. The orthostatic blood pressure response to 30 sec- 
onds or 2 minutes of standing was similar in all treat- 
ment groups at baseline and during the study. 

Safety evaluations: Four deaths occurred during the 
study, 2 during the baseline phase and 2 during the 
double-blind phase. The 2 post randomization deaths 
occurred in patients randomized to placebo. In each 
case, death followed an acute myocardial infarction. 
Patients who received 24-hour therapy were withdrawn 
for other serious cardiovascular events: 11 with myo- 
cardial infarction, 8 with unstable angina and 5 with 
arrhythmias. These episodes were distributed evenly 
among all of the treatment assignments and did not 
appear to be drug or dose-related. No serious adverse 
experiences occurred during the withdrawal phase of 
the study. 

Headache was the most frequent cause of discontin- 
uation during the double-blind phase of the trial. All 


Double-Blind 
Ea High Dose 


End of 8 Wks 


Low Dose Med Dose 


hour groups during the trial. The 45 
mg/24 hour group is representative of 
the response pattern seen in all the 


Systolic 
Blood 
Pressure 


other active groups. There was an ini- 
tial hypotensive response to the first 4 
hours of patch application of approxi- 
mately 15 mm Hg that was no longer 
evident after the first day of the trial. A 
similar pattern was observed for su- 
pine blood pressure. DB = double-blind. 
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TABLE VI Frequent Adverse Events (% patients with event) 
High Dose 





Event Placebo Low Dose Medium Dose 










Headache 













Nausea 14 26 21 15 
Dizziness 23 30 28 26 
Application 18 26 27 30 
site reaction 
Fatigue 12 11 12 10 
URI 10 7 8 10 
Pain 
General 7 5 5 6 
Back 5 5 3 3 
Skel-rnysc 4 7 5 5 
Dyspnea 5 4 6 8 
Diarrhea 4 6 4 5 






Skel-musc = skeetal muscle; URI = upper respiratory infection. 


discontinuations due to headache were among patients 
receiving actve therapy (12 in the low-dose, 5 in the 
medium-dose and 12 in the high-dose group). Head- 
ache was mcst frequently reported at the beginning of 
the double-blind phase of the trial (Figure 7) when all 
active treatment patients were receiving 15 mg/24 
hours. The f-equency of headache abated in all active 
treatment greups over the first 3 weeks of the double- 
blind period despite the fact that dosage was increasing 
in the mediun- and high-dose patients. Other adverse 
experiences encountered during the trial were of a na- 
ture and frequency anticipated from transdermal nitro- 
glycerin patcaes. A listing of the most frequent adverse 
events appears in Table VI. There were no remarkable 
changes in ary of the physical examinations or labora- 
tory tests performed during the trial. Methemoglobin 
levels, of part.cular interest because of the use of chron- 
ic, high dosazes of nitroglycerin, were essentially un- 
changed from baseline values during the study. 


DISCUSSICN 
This large, well-controlled trial has demonstrated 
that tolerance to exercise treadmill performance devel- 
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ops within 24 hours after the first application of a 
transdermal nitroglycerin system and that, on average, 
continuous transdermal application is not an effective 
treatment for exercise-induced angina. The patient pop- 
ulation in the trial was clearly responsive to the acute 
effects of transdermally applied nitroglycerin because 
exercise variables were statistically improved 4 hours 
after the initial patch application. 

These results are consistent with most small, well- 
controlled trials that have previously explored transder- 
mal nitroglycerin tolerance,!3-!9 and with the conclu- 
sion of a meta-analysis study performed on most of the 
randomized trials in the literature.” Similar results 
have been reported for other nitrate preparations when 
used chronically.2!-23 The consistent finding among 
these studies is the loss of exercise efficacy to organic 
nitrates during therapeutic regimens that maintain con- 
stant, elevated nitrate blood concentrations. 

The study also demonstrated that larger doses of 
transdermally applied nitroglycerin, up to 105 mg/24 
hours, did not overcome this tolerance. There was also 
no apparent dose-response relation noted during chron- 
ic therapy. Thus, failure to sustain efficacy of transder- 
mal systems cannot be ascribed to differences in dosage 
used or to inadequate dose levels. 

Several recer:t well-controlled trials have suggested 
that the inclusion of a nitrate-free interval into the 
transdermal patch application schedule will avoid this 
development of tolerance.?4-2’ The need for a nitrate- 
free interval to preserve continued efficacy is apparently 
not unique to patches; several recent studies have indi- 
cated that oral nitrate preparations also require a daily 
nitrate-free pericd to maintain efficacy.7°:2? 

The results of this trial also have shown that, paral- 
leling the loss of treadmill performance, there was a 
rapid attenuation of the hypotensive effect of transder- 
mal nitroglycerin. A rapid loss of the systemic hemody- 
namic effects of nitrates has been reported by oth- 


FIGURE 7. Incidence of 
headache during the trial. 
Headache was a frequent ad- 
verse effect in patients re- 
ceiving active patch on initia- 
tion of the double-blind (DB) 
study. This incidence gradu- 
ally returned to a rate similar 
to effects with placebo after 
4 weeks of chronic therapy. 
Headache in the high-dose 

| group was no different than 
that in the placebo group at 
the end of the trial even 
though the highest dosages 
were administered during 
weeks 5 to 8. Other abbrevi- 


EJ High Dose ations as in Figure 4. 
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ers,203! and is consistent with the hypothesis that the 
mechanism of action for nitrate’s improving exercise 
capacity is through reduced preload and afterload. 

Partial tolerance may have developed to the tread- 
mill effects of sublingual nitroglycerin after chronic 
transdermal nitroglycerin therapy. Although all the ac- 
tive treatment groups showed an improvement over 
baseline in exercise capacity to a sublingual nitroglycer- 
in challenge, this improvement was clearly not as great 
as that of the placebo group. Moreover, the higher dose 
groups showed the greater attenuation of effect. Other 
studies using treadmill testing end points have not 
shown cross-tolerance between either transdermal nitro- 
glycerin, transdermal isosorbide dinitrate or oral ni- 
trates and the sublingual preparations.!*2 The appar- 
ent discrepancy between the present trial and these oth- 
ers is unexplained, but may be due to the fact that 
previous studies did not administer long-acting nitrates 
at doses well above the recommended clinical range as 
was done in the present study (e.g., 105 mg/24 hours is 
7 times the maximal recommended dose). Interestingly, 
the amount of sublingual nitroglycerin used for symp- 
tomatic angina decreased more in the active treatment 
groups than in the placebo group, suggesting a possible 
dissociation between the effects of the drug on treadmill 
performance and on symptoms induced by daily ac- 
tivity. 

This study found no overall effect of transdermal 
nitroglycerin on daily anginal frequency. However, ap- 
proximately 25% of patients in each treatment group 
did not have symptomatic angina at baseline (symp- 
tomatic angina was not an entrance criterion for this 
trial). Because patients without symptoms may have 
had a diluting effect on any treatment comparisons, pa- 
tients in the top quartile of anginal frequency were ex- 
amined for changes in anginal attack rate. This analysis 
revealed that active treatment reduced attack rates 3 
times greater than matching placebo. This effect on an- 
ginal attack rate persisted throughout the trial and was 
more evident at the end of the study than at the begin- 
ning. However, this observation must be interpreted 
with caution since the analysis of the top quartile of 
patients was not planned in advance. The finding was 
not matched by improved exercise tolerance in this 
group. 

The lack of a relation between the effects of trans- 
dermal nitroglycerin on exercise tolerance and on daily 
anginal frequency has been reported in another double- 
blind, placebo-controlled trial.4 Additionally, the possi- 
bility of a dichotomy of treadmill and symptomatic effi- 
cacy of nitrates is not inconsistent with the large body 
published reports on nitrates. Whereas, well-controlled 
clinical trials that have used exercise end points usually 
demonstrate rapid tolerance,!?-!? other well-controlled 


trials that have used symptomatic end points usually 
have documented sustained reductions in anginal fre- 
quency during continuous patch administration.3°8-!2 
Most of these nitrate trials documenting symptomatic 
improvement have studied patient populations with 27 
attacks of angina per week at baseline or during place- 
bo treatment, consistent with the subgroup analysis of 
this trial. 

Increase in exercise tolerance time is the appropriate 
and accepted end point for evaluation of antianginal 
drugs because angina pectoris is usually precipitated by 
an exercise-induced increase in myocardial oxygen de- 
mand. However, the suggestion in this trial of a dif- 
ference between exercise tolerance test results and a de- 
crease in anginal symptomatology, at least in some pa- 
tients, is intriguing. Possible explanations for the di- 
chotomy of responses include chronic nitrate effects on 
coronary vasomotor tone??? or effects mediated by in- 
hibition of platelet aggregation.*4 These effects could 
result in a decrease in symptoms in patients whose an- 
gina is wholly or partly a result of decreased coronary 
blood supply rather than increased demand. Such an 
explanation for the observed phenomenon is speculative 
and must be regarded strictly as a hypothesis at this 
time. Further exploration would appear to be warrant- 
ed by a prospective clinical trial measuring both exer- 
cise tolerance and symptomatic end points in patients 
with a significant degree of spontaneous angina pectoris 
during their routine daily activities. 
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Digoxin-Induced Vasoconstriction of Normal and 
Atherosclerotic Epicardial Coronary Arteries 


Cro Indolfi, MD, Federicc Piscione, MD, Enrico Russolillo, MD, Bruno Villari, MD, 
Paolo Gino, MD, Vittorio Ambrosini, MD, Mario Condorelli, mD, and Massimo Chiariello, MD 


This study 2valuated the effect of holus infusion 
of digoxin [0.014 mg/kg in 10 minutes, intrave- 
nously) on karge coronary arteries measured by 
quantitative digital angiography. Twenty-two pa- 
tients (meen age + standard deviation 47 + 12 
years) divided into 3 groups were studied. The 
effects of d:goxin infusion (after 10 and 20 min- 
utes) and sablingual administration of isosorbide 
dinitrate were investigated in group I (patients 
with angiographically normal coronary arteries, 
n = 9) and im group Il (patients with atheroscle- 
rotic coronery arteries, n = 8). To determine 
whether the effects of digoxin were mediated by 
activation ef a-adrenergic receptors, coronary 
angiography was performed in group Ill after 
a-adrenoceptor blockade (phentolamine 0.11 
mg/kg, intravenously) (n = 5). Ten minutes after 
the end of goxin infusion, the cross-sectional 
area decrezsed from 7.7 + 4.1 to 6.0 + 2.2 
mm, and after 20 minutes to 5.6 + 2.6 mm? (p 
<0.05) in group I. Isosorbide dinitrate reverted 
digoxin-indaced vasoconstriction as cross-sec- 
tional area increased to 8.5 + 3.4 mm (p = not 
significant tersus baseline). Twenty minutes af- 
ter digoxin ‘nfusion, heart rate significantly de- 
creased frem 79 + 16 to 74 + 13 beats/min (p 
<0.01). Ter minutes after digoxin infusion, pe- 
ripheral vascular resistance increased signifi- 
cantly from: 1,396 + 693 to 1,693 + 984 dynes 
`- $ - cm™° (g <0.05), whereas cardiac output did 
not change. Twenty minutes after digoxin infu- 
sion, minimal stenosis diameter decreased signif- 
icantly fror: 1.6 + 0.5 to 1.4 + 0.5 mm (p 
<0.05) in group Il. Again, isosorbide dinitrate 
reverted dizoxin-induced vasoconstriction as 
minimal stenosis diameter increased (p = not sig- 
nificant versus control values), In group Ill, a- 
adrenoceptor blockade with phentolamine did 
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not prevent the decrease in coroary artery diam- 
eter in patients with angiographically normal 
coronary arteries, from 2.3 + 0.7 to 1.9 + 0.7 
mm (p <0.001). 

Thus, bolus infusion of digoxin induced vaso- 
constriction of normal epicardial coronary arter- 
ies and reduced minimal stenosis diameter in pa- 
tients with coronary artery disease. Digoxin-in- 
duced vasoconstriction was not mediated by an 
a-adrenergic mechanism and was revertedby 
sublingual administration of isosorbide dinitrate. 

(Am J Cardiol 1991:68:1274-1278) 


pied a prominent place in the management of 

congestive heart failure and certain arrhyth- 
mias. However, intravenous administration of cardiac 
glycosides increases peripheral vascular resistances! and 
constricts small coronary resistance vessels.* The eleva- 
tion of arterial pressure induced by cardiac glycosides 
was not abolished by ganglionic blockade, demonstrat- 
ing a direct action on the vascular smooth muscle,' al- 
though an a—adrenergic-mediated vasoconstriction has 
also been hypothesized? Peripheral vasoconstrictor ef- 
fects of digitalis have been documented clinically,’ in- 
cluding cardiogenic shock’ or hypertension.® These ob- 
servations indicate the need for caution when digitalis 
glycosides are administered acutely, particularly in situ- 
ations in which transient increases in peripheral resis- 
tance would be deleterious. 

There are no data to date on the effects of cardiac 
glycosides on normal or diseased human epicardial cor- 
onary arteries. Under normal conditions, digitalis-in- 
duced vasomotion of epicardial coronary arteries is 
probably of minor physiologic importance. However, 
changes in coronary diameter may have a paramount 
importance in presence of atherosclerotic lesions. In 
fact, it has been demonstrated that coronary stenoses 
are not rigidly fixed,” and an important property of the 
stenosis contributing to variation in its pressure loss is 
the minimum lumen diameter. Whether the digoxin 
produces vasomction of large human coronary arteries 
is unclear. Accordingly, the present study was designed 


F or >200 years, digitalis glycosides have occu- 
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to examine the effects of digitalis on normal and ath- 
erosclerotic epicardial coronary arteries in humans. The 
role of a-adrenergic receptrs in the response of intrave- 
nous administration of digitalis was also assessed. 


METHODS 

Study group: Twenty-two subjects (13 men and 9 
women) ranging in age from 37 to 71 years (mean 47 
+ 12) were included in the study. All patients were 
referred to our institution for evaluation of chest pain 
syndrome and they had clinica: indication for coronary 
angiography.’ All patients gave written informed con- 
sent before the study and the protocol was approved by 
the human research committee of our institution. No 
patient had angina at rest, previous or acute myocardial 
infarction, diabetes mellitus, arterial hypertension or 
valvular heart disease. Patients were classified into 3 
groups: group I (n = 9), subjects with angiographically 
normal coronary arteries; group II (n = 8), patients 
with coronary artery disease on the basis of diagnostic 
angiograms; group III (n = 5), patients without coro- 
nary artery disease pretreated with phentolamine. All 
subjects underwent right and left-sided cardiac cathe- 
terization in the morning, in the supine position, after 
an overnight fast. No drugs were allowed in the week 
preceding the study. 

Diagnostic coronary angiography was performed 
by a standard percutaneous femoral approach using 
the Judkins technique. A 7Fr Swan-Ganz heparinized 
catheter was placed through the right femoral vein into 
the pulmonary artery. In subjects with normal coronary 
arteries, pulmonary artery, right atrial and capillary 
wedge pressures were periodically measured; cardiac 
output was measured by thermodilution. 

Study protocol: Digoxin was infused at a dose of 
0.014 mg/kg intravenously over a 10-minute period!’ 
using a Harvard pump. In groups I and II, coronary 
angiography was performed under baseline conditions, 
10 and 20 minutes after the end of digoxin infusion, 
and 5 minutes after sublingual administration of 5 mg 
of isosorbide dinitrate. A nonionic contrast medi- 
um (Johexol, Omnipaque, Winthrop-Breon, Inc., New 
York), which had no significant hemodynamic ef- 
fects,!! was used. In group III, to determine whether 
the effect of digoxin was mediated by activation of a- 
adrenergic receptors, in 5 subjects without coronary ar- 
tery disease, coronary angiography was performed after 
a-adrenergic blockade with phentolamine (0.11 mg/kg 
intravenously, bolus) in the cantrol state and 20 min- 
utes after digoxin infused at the same dose as previous- 
ly described. 

Quantitative coronary angiography: Coronary angi- 
ography was performed using a Siemens radiographic 
system. Cineangiograms were recorded at a rate of 50 


frames/s. For quantitative analysis, end-diastolic cine 
frames were blindly videodigitized in the image analysis 
system (MIP-D, Mipron, Kontron electronics) in a 512 
X 512 matrix with 8-bit gray scale after a 2X zooming. 
Automatic vessel segment contour detection was per- 
formed by a geometric edge-differentiation technique 
using a method previously described.!* In brief, after 
interactive determination of a centerline within the ves- 
sel segment to be measured, the computer automatical- 
ly generates a number of scanlines perpendicular to the 
centerline. The first and second derivative functions of 
densograms along each scanline are then computed, 
and the contour point is defined as 70% of the distance 
between the extrema of the first and second derivatives. 
With the use of the detected contour points, the com- 
puter then automatically generates a refined centerline 
of the vessel segment, and the edge-detection algorithm 
is repeated. Each individual scanline is smoothed by a 
second-order polynomial fit, and smoothing of the con- 
tour is obtained by averaging 3 neighboring scanlines. 
Calculation of the exact radiologic magnification factor 
of the measured segment is used to scale the data from 
pixels to millimeters.!> The accurac and reproducibility 
of quantitative angiographic measurements was previ- 
ously documented in our laboratory.'* Cross-sectional 
area (CSA) was measured using the following formula: 
CSA = D- D-3.14/4; where D = coronary artery di- 
ameter. 

In patients with coronary artery stenosis, we selected 
the view in which the stenosis appeared more severe in 
order to measure minimal coronary stenosis blood flow 
diameter, that is, correlated to coronary reserve.® 

Plasma level measurements of digoxin: Venous 
blood samples for digoxin were obtained before and af- 
ter digoxin infusion in 7 subjects with angiographically 
normal coronary arteries through the femoral vein, im- 
mediately placed on ice, promptly centrifuged at 4°C, 
and aliquots of plasma were stored at —20°C. Plasma 
levels of digoxin were determined by the immunofluori- 
metric assay.!4 

Data and statistical analysis: Aortic, wedge, pulmo- 
nary and atrial pressures were recorded by a computer- 
aided system for cardiac catheterization (Siecor, 
Siemens). Pressure waveform analysis was performed 
within a user-definable analysis window over 8 consecu- 
tive beats.!> Results are expressed as mean + standard 
deviation. Statistical analysis was performed by analysis 
of variance for repeated measures'® using SYSTAT 
program,'’ and when a significant overall effect was 
detected, Tukey’s test was applied to compare single 
values.!® A Student ¢ test for paired data was used to 
compare the effect of digoxin on coronary diameter af- 
ter phentolamine infusion in group III, and to compare 
the changes in digoxin plasma levels. Significant differ- 
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Control 





Systolic arcerial pressure (mm Hg) 


Diastolic ateria! pressure (mm Hg) 74 +14 

Wedge pressure (mm Hg} 9+3 

Heart rate {beats/min) 79 + 16 

Systemic vascular resistances 1,294 + 639 
(dynes “s+ cm7~5) 

Cardiac ouput (liters/min) 5.5 = 1.6 

Right atria: pressure (mm Hp) 6243 


ences were assumed to be present when the p value was 
<0.05. 


RESULTS 

All subjects had no evidence of regional wall motion 
abnormalities on left ventriculography. 

Group I: Responses to digitalis infusion in subjects 
with angiographically normal corenary arteries: The 
infusion of dizoxin increased the plasma level from 0.2 
+ 0.3 to 11.2 + 4.7 ng/ml (p <0.001 ) in subjects with- 
out coronary artery disease. Coronary diameter in the 
control state was 3.0 + 0.8 mm, and decreased signifi- 
cantly 10 mirutes after digoxin administration to 2.8 + 
0.7 mm, reaching its maximum 20 minutes after the 
glycoside infusion (to 2.6 + 0.7 mm, p <0.05). Isosor- 
bide dinitrate administrated sublingually reverted di- 
goxin-induced vasoconstriction as coronary artery di- 
ameter increesed to 3.2 + 0.7 mm (p = not significant 
versus baselire). Similarly, cross-sectional area was re- 
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FIGURE 1. Perzent changes versus baseline of cross-sectional 
area after digoxin (DIG) infusion (10 and 20 minutes) and af- 
ter sublingual administration of isosorbide dinitrate (ISDN) in 
patients with ccronary artery disease. *p <0.05 versus con- 
trol. 


TABLE I Effects of Intravenous Digoxin on Hemodynamics in Subjects with Normal Coronary Arteries 


*p <0.05 compared with control. 
ISON = dinitrate isosorbide. 







Digoxin Infusion (min) 






1554 217 







78 +9 80 + 10 
9+5 8+4 T&5 
75+ 16 74 + 213* 84 + 17 
1,535 + 970* 1,487 + 786 1,510 + 940 
5,1 + 1.5 5.2 + 2.0 46+ 2.5 
723 724 63 





duced by 14% (from 7.7 + 4.1 to 6.0 + 2.2 mm?) 
and 23% (5.6 + 2.6 mm’; p <0.05) 10 and 20 min- 
utes after digoxin infusion, respectively. The percent 
changes versus baseline of the cross-sectional area are 
shown in Figure 1. The hemodynamic changes after 
digoxin infusion and isosorbide dinitrate administration 
are summarized in Table I. Twenty minutes after di- 
goxin infusion, heart rate significantly decreased by 
12% (from 83 + 23 to 73 + 21 beats/min; p <0.05). 
Peripheral vascular resistances increased significantly 
by a mean of 22% 10 minutes after digoxin administra- 
tion (1,326 + 693 to 1,693 + 984 dynes-s-cm™°; p 
<0.05), whereas cardiac output did not change. Systol- 
ic aortic pressure at 20 minutes after digitalis infusion 
was significantly different from control value. 

Group ll: Effects of digitalis in patients with athero- 
sclerotic coronary arteries: [n patients with coronary 
artery disease, minimal stenosis diameter decreased 
from 1.6 + 0.5 to 1.56 + 0.4 mm, and to 1.42 + 0.5 
mm (p <0.05) 10 and 20 minutes after digoxin infu- 
sion, respectively. Again, isosorbide dinitrate reverted 
digoxin-induced vasoconstriction, as minimal stenosis 
diameter increased to 1.6 + 0.5 mm (p = not signifi- 
cant versus baseline). Systolic pressure increased signif- 
icantly 10 and 20 minutes after digoxin administration, 
from 126 + 30 to 133 + 33mm Hg (p <0.05) and to 
132 + 30 mm Hg (p <0.05), respectively, whereas dia- 
stolic aortic pressure did not change significantly (from 
73 + 13 to 81 + 16 mm Hg and to 78 + 18 mm Hg 
10 and 20 minutes after digoxin, respectively). Heart 
rate decreased 20 minutes after digoxin administration 
(fom 80 + 16 ta 73 + 10 beats/min; p <0.05). 

Effects of digoxin on coronary diameter in patients 
pretreated with phentolamine: Coronary artery diame- 
ter also decreased significantly in the 5 patients pre- 
treated with intravenous phentolamine, from 2.3 + 0.7 
to 1.9 + 0.7 mm (p <0.001). Similarly, cross-sectional 
area decreased from 4.7 + 2.5 to 3.4 + 2.1 mm? (p 
<0.01) (Figure 2). 
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DISCUSSION 

The major finding of the present study is that intra- 
venous administration of digoxin causes a significant 
reduction in normal and atherosclerotic epicardial coro- 
nary diameter in humans. This constriction is not medi- 
ated through an a-adrenergic mechanism and is revert- 
ed by sublingual administration of nitrates. The in- 
crease in aortic pressure observed in the present study 
after digoxin infusion may have caused an increase in 
myocardial metabolic demand, which in turn should in- 
crease coronary arterial diameter and thus prevent a 
greater constriction.!’ However, an explanation for the 
decrease in coronary arterial diameter in response to 
digoxin is myogenic contraction in response to the in- 
crease in aortic pressure. Although such a mechanism 
has been shown by some investigators to contribute to 
the autoregulation of blood flow in certain vascular 
beds,!° the potential contribution of a myogenic mecha- 
nism to coronary autoregulation has not been directly 
tested.70 

Another possible explanation for the decrease in cor- 
onary diameter is the reduction in heart rate observed 
in the present study. In fact, a relation between heart 
rate and cross-sectional area of the artery has been 
demonstrated in dogs.*! However, the change in heart 
rate is unlkely to be the entire explanation for the de- 
crease in coronary diameter, since coronary vasocon- 
striction after ouabain administration was also observed 
in dogs in which heart rate did not change.” In addi- 
tion, an in vitro study demonstrated that ouabain blocks 
the effect of basally released endothelium-derived relax- 
ing factors from perfused coronary arteries in dogs and 
diminishes the effect of acetylcholine-released media- 
tors on coronary arterial smooth muscle**; it has been 


mm 


FIGURE 2. Changes in cross-sectional 
area in patients with normal coronary 
arteries pretreated with intravenous phen- 
tolamine observed 20 minutes after the 
end of digoxin (DIGO) infusion. BASE = 
baseline; *p <0.05 versus control. 
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demonstrated that the vascular effect of ouabain is me- 
diated through an inhibition of sodium-potasstum pump 
activity with increasing in calcium ion influx.*4 The 
presence of the muscoelastic arc in the compliant coro- 
nary stenosis provides a mechanism whereby digoxin 
may affect lumen caliber and thus flow resistance in 
patients with coronary artery disease. 

Differences from previous studies: Previous reports 
on the effects of digitalis on human coronary vessels 
deal exclusively with the resistance vessels of the coro- 
nary bed.?526 In an animal model, Schwartz and 
Bache”? demonstrated that intravenous administration 
of ouaban reduced coronary diameter (measured by 
sonomicrometry). Between 5 and 10 minutes after oua- 
bain administration external circumflex coronary artery 
diameter decreased significantly. Ross et al! demon- 
strated that in dogs in which cardiac action was exclud- 
ed by the use of cardiopulmonary bypass, digitalis 
caused an increase in peripheral vascular resistance. At 
a constant perfusion rate, a significant elevation in arte- 
rial pressure was not abolished by ganglionic blockade. 
Vatner et al? showed that in conscious dogs, ouabain 
caused a significantelevation in coronary and systemic 
resistance with no change in coronary blood flow. Our 
results demonstrate for the first time that in humans, 
rapid bolus administration of digoxin produces a de- 
crease in cross-sectional area of normal coronary arter- 
ies and a reduction in minimalcoronary stenosis diame- 
ter in patients with atherosclerotic lesions. In the pres- 
ent study, nitrates were administered sublingually, rath- 
er than intracoronary, in order to assess the possible 
clinical beneficial role of these drugs on digoxin-in- 
duced coronary vasoconstriction. Our data indicated 
that 5 mg of isosorbide dinitrate given sublingually can 
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revet the effect of cardiac glycosides on coronary diam- 
eter. An experimental study has also shown that nifedi- 
pine prevents ouabain-induced coronary vasoconstric- 
tion.?? 

Although it has been demonstrated?! that in open- 
chest anesthetized dogs the effects of digitalis on coro- 
nary artery resistance are mediated through an a-adre- 
nergic mechenism, our data demonstrated that the cor- 
onary constrction induced by digoxin also occurs when 
a-adrenrgic receptors are blocked by phentolamine. 
Therefore, it is unlikely that this constriction was medi- 
ated by an a-adrenergic mechanism. 

Quantitatve analysis of digital angiograms is a reli- 
able and accurate technique for measuring epicardial 
coronary diameter in man.®!2.29 In addition, a previous 
study from aur laboratory demonstrated a good repro- 
ducibility of serial measurements of the same coronary 
segmet during repeated contrast injection after the in- 
jection of 5 t 8 ml of nonionic contrast medium.!? 

Clinical relevance: The finding that digoxin con- 
stricts epicasdial coronary arteries may have clini- 
cal importance. In fact, digitalis is often administered 
acutely to patients with myocardial infarction as well as 
to elderly pat ents without heart failure but with signifi- 
cant coronar” artery stenosis who undergo thoracic or 
cardiac operations. The appearance of ischemic pain 
described after administration of digoxin in patients 
with myocarcial infarction?® may also be due to an epi- 
cardial coronary vasoconstriction. 
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Usefulness of Ambulatory Silent Myocardial 
Ischemia Added to the Prognostic Value of 
Exercise Test Parameters in Predicting Risk of 
Cardiac Death in Patients with 
Stable Angina Pectoris and 
Exercise-Induced Myocardial Ischemia 


Prakash C. Deedwania, MD, and Enrique V. Carbajal, MD 


The prognostic significance of ambulatory silent 


ischemia detected by Holter monitoring during 
daily life was prospectively evaluated and com- 
pared with several exercise test parameters in 
86 patients with stable angina and positive exer- 
cise tests. Forty-seven patients (group 1) had no 
evidence of ischemia and 39 (group 2) had 1 or 
more episodes of silent ischemia during the mon- 
itoring period. During mean follow-up of 24 + 8 
months there were only 2 cardiac deaths (non- 
sudden) in group 1 (4% mortality) compared 
with 9 (3 sudden and 6 nonsudden) in group 2 
(23% mortality). Kaplan-Meier actuarial analy- 
sis revealed worse survival (p <0.008) for pa- 
tients in group 2. The Cox regression analysis of 
clinical variables, electrocardiographic and exer- 
cise parameters, angiographic data and Holter 
monitoring results revealed silent ischemia dur- 
ing daily life as the most powerful predictor of 
cardiac mortality (p = 0.003). These results 
demonstrate that in patients with chronic stable 
angina and abnormal exercise tests, ambulatory 
ischemia detected by Holter monitoring provides 
significant additional prognostic information to 
that derived from evaluation of exercise test pa- 
rameters alone. 

(Am J Cardiol 1991;68:1279-1286) 
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Ithough silent ischemia during daily life occurs 
A more frequently than anginal symptoms in 

patients with chronic stable angina, the clinical 
need for Holter monitoring in these patients has been 
questioned.! This question has been raised because de- 
spite the results of recent studies,2~> showing an in- 
creased risk of coronary events and cardiac death in 
stable angina patients with ambulatory silent ischemia, 
the data comparing the prognostic information derived 
from the exercise test findings with that derived from 
Holter monitoring are lacking. Such comparative stud- 
ies are needed because it is well-known that selected 
exercise test parameters obtained during routine tread- 
mill exercise testing provide reliable and clinically use- 
ful prognostic information in patients with stable coro- 
nary artery disease.°-!> In this prospective study we 
evaluated the prognostic value of ambulatory ischemia 
detected by Holter monitoring and compared it with 
that of selected exercise test parameters in patients with 
stable angina and exercise-induced ischemia. 


METHODS 

Patient selection: Consecutive male patients partici- 
pating in our ongoing study on silent ischemia with a 
clinical diagnosis of coronary artery disease, stable an- 
gina for 26 months, and exercise-induced ischemia 
were selected. All patients gave written informed con- 
sent that was approved by the hospital’s human study 
and research committees. Coronary artery disease was 
confirmed by 1 or more of the following: 270% lumi- 
nal narrowing of 21 major coronary artery; reversible 
perfusion defec: on exercise thallium-201 scintigraphy; 
or a myocardial infarction =6 months prior to partici- 
pation in the study. Patients with left bundle branch 
block, preexcitation, left ventricular hypertrophy, pace- 
maker rhvthms, atrial arrhythmias and other baseline 
ST changes were excluded. Patients with uncorrected 
hypokalemia and those receiving digitalis or tricyclic 
antidepressants were also excluded. Patients continued 
receiving antianginal drugs prescribed by their primary 
care physicians at stable dosages for 23 months prior 
to enrollment in the study. 
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Study design: All patients underwert symptom-lim- 
ited maximel exercise treadmill testing and 24-hour 
Holter moncztoring while continuing to receive their 
antianginal crugs. Holter tapes were coded to mask the 
patients’ identities. Exercise treadmill testing was per- 
formed by paysicians who were unaware of the Holter 
findings. The results of the Holter monitoring and the 
exercise tests were analyzed at a later date in a blinded 
fashion by 2 investigators. To avoid any subsequent de- 
viation from the usual treatment in these patients, the 
results of Ho ter monitoring were not made available to 
the physicians providing primary care. All patients were 
followed thrcughout the study at regular 3 to 4 month 
intervals. 

Treadmill exercise tolerance test: All patients had a 
positive ischemic response during exercise defined as 
>1-mm horizontal or downsloping ST depression at 80 
ms after the J point. Twelve-lead electrocardiograms 
were obtained every minute during the exercise and re- 
covery periods, and at onset of ischemia. Exercise dura- 
tion, time tc onset of ischemia, and heart rate and 
blood pressurz at rest, at onset of ischemia and at peak 
exercise, as well as ST depression and symptoms, were 
recorded. 

Holter monitoring technique: The Holter monitoring 
technique used in our laboratory has been described in 
detail.!6 In trief, 2-channel Holter recordings for 24 
hours were odtained using a frequency modulated re- 
cording device (Medilog MR 20, Oxford, England). 
Anterior precordial and inferior leads matching the 
leads showing maximal ST depression during the exer- 
cise test were selected. Patients were instructed to re- 
cord the nurrber and duration of angina episodes. An 
ischemic episode was defined as =1 mm horizontal or 
downsloping ST depression measured 80 ms from the J 
point, and lasting >21 minute. For each patient, the 
number and curation (minutes) of episodes were deter- 
mined. An episode was labeled symptomatic or silent 
based on deteils recorded in the diary. Holter findings 
were blindly xeviewed by =2 experienced investigators. 

Patient fdlow-up: The primary purpose of this 
study was to compare and evaluate the prognostic value 
of selected ex2rcise test parameters and silent ischemia 
during Holter monitoring in predicting the risk of car- 
diac death. -lowever, detailed information was ob- 
tained for all clinical events during follow-up. The spe- 
cific events evaluated included: death due to any cause; 
myocardial irfarction; unstable angina; and need for 
myocardial revascularization owing to worsening symp- 
toms. Deaths were classified as cardiac (sudden and 
nonsudden) oz noncardiac. Sudden death was defined 
as death occurring <1 hour after the onset of symp- 
toms. The details of death were obtained from relatives, 
primary care physicians, hospital records, obituaries 


and coroner’s reports. Medical records were reviewed 
for hospitalized patients. The diagnosis of unstable an- 
gina was made by the primary care physician and con- 
firmed by absence of electrocardiographic changes or 
cardiac enzyme profile indicative of acute myocardial 
infarction. The decision to recommend myocardial re- 
vascularization was made by the primary care physi- 
cian and was generally based on increasing symptoms 
refractory to medical therapy, angiographic findings in- 
dicative of left main (250% obstruction) or 3-vessel 
disease, with left ventricular ejection fraction <40%. 

Analysis of data: Comparisons between the groups 
were performed with an unpaired ¢ test of significance 
for continuous variables, and chi-square analysis was 
performed for categorical variables. Data are expressed 
as frequency or mean + standard deviation for normal- 
ly distributed and continuous variables, respectively; 
otherwise, they are reported as median and range. A p 
value <0.05 was considered statistically significant. 

Kaplan-Meier actuarial methods!’ were used to 
examine the time-dependent cumulative probabilities 
of death and occurrence of nonfatal cardiac events, 
and differences were evaluated by the method of Man- 
tel-Haenszel.!* Multivariate Cox’s proportional hazard 
function analyses were used to evaluate the relative im- 
portance of clinical variables, electrocardiographic and 
exercise parameters, and Holter findings. This was 
done to ensure that our results were not affected by 
any of these confounding variables.!? The clinical vari- 
ables included in the analyses were age, hypertension 
(>150/90 mm Hg), diabetes, smoking, prior myocar- 
dial infarction and presence of Q waves. The exercise 
variables were exercise duration, time to and heart rate 
at onset of ischemia, and peak heart rate and blood 
pressure. The Holter parameter used was presence or 
absence of ambulatory silent ischemia. 


RESULTS 

Patient population and clinical characteristics: 
Eighty-six patients (mean age 63 + 6 years) with a 
long history of angina (9.4 + 7 years) were followed for 
24 + 8 months (range 12 to 31). The study population 
was divided in 2 groups: Group 1 (n = 47) consisted of 
patients without ischemia and group 2 (n = 39) includ- 
ed patients with >1 ischemic episode during Holter 
monitoring. Analysis of the clinical characteristics of 
the 2 groups has been described, and revealed no signif- 
icant difference.!6 Comparison of the prescribed anti- 
anginal drugs revealed no difference between the 2 
groups. Comparison of angiographic findings in groups 
| (n = 33) and 2 (n = 29) revealed no significant dif- 
ference in the extent of coronary artery disease (270% 
narrowing in |, 2 or 3 vessels; Figure 1). Of 11 patients 
with left main disease (=50% narrowing), 10 had prior 
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coronary bypass surgery and 1 (group 1) refused revas- 
cularization. The mean left ventricular ejection fraction 
was not significantly different between the groups (53 
vs 49%). 

Exercise test parameters: Comparison of exercise 
test parameters revealed that the patients in group 2 
had a significantly shorter time to onset of 21 mm ST 


FIGURE 1. Proportion of patients in group 
1 (dots) with 1-, 2- or 3-vessel (V) disease 
compared with that in group 2 (diagonal 
lines). NS = not significant. 
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depression (5.0 vs 3.7 min; p <0.001), and a greater 
degree of ST depression (1.6 + 0.6 vs 2.0 + 1.0 mm; p 
<0.01). The presence of silent ischemia during exercise 
testing did not predict the risk of silent ischemia during 
Holter monitoring. 

Evaluation of hemodynamic parameters during ex- 
ercise testing revealed no significant difference be- 
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tween the greups in heart rate (107 + 25 vs 104 + 21 
beats/min) er double product at onset of ischemia 
(17,900 + 5,300 vs 15,800 + 5,500). However, systolic 
blood pressuse at 1-mm ST depression (165 + 26 vs 
151 + 24 mm Hg; p <0.04), and peak double-product 
during exercise (224 + 52 vs 190 + 62; p = 0.01) were 
significantly ‘ower in patients in group 2. 

Ambulato-y electrocardiographic monitoring find- 
ings: During ihe 2,064 hours of Holter monitoring, 154 
ischemic eveats were recorded in 39 patients (45%). 
Most ischemi episodes were silent (n = 133, 86%) and 
accounted foz the majority of ischemic time (4,577 
minutes, 83%). Although most patients (74%) had si- 
lent ischemic events only, 10 (26%) had silent and 
symptomatic ischemic events. In these 10 patients, the 
number of sient events (5.8 + 4.6) was higher than 
that of symp omatic events (2.1 + 1.4); however, the 
duration of sient events (27 + 18 min) was about half 
that of symptomatic episodes (55 + 63 min; p = NS). 
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FIGURE 3. Comparison of left ventricular ejection fraction 
(LVEF) and cardiac death rate (diagonal lines} between pa- 
tients without (group [Gr] 1) and with (group 2) silent ischemia 
during ambulatery electrocardiographic monitoring. ARhough 
a greater percentage of patients with ambulatory ischemia 
died there was ao significant difference in death rates between 
patients with LVEF < or 240%. 


Clinical outcome during follow-up: During 24 + 8 
months of follow-up there were 14 deaths, 3 of which 
were noncardiac (1 cancer, | suicide and | gastrointes- 
tinal bleed). Because excluding noncardiac deaths did 
not affect the results, only cardiac deaths will be de- 
scribed in subsequent analyses. 

Ambulatory ischemia and cardiac deaths: Eleven 
patients died due to cardiac causes during follow—up. 
Two of 47 (4%) patients in group | died compared 
with 9 of 39 (23%) in group 2. Both deaths in group | 
were nonsudden and associated with acute myocardial 
infarction. In contrast, there were 3 sudden and 6 non- 
sudden cardiac deaths in patients in group 2. All non- 
sudden cardiac ceaths in group 2 were associated with 
myocardial infarctions. 

Kaplan-Meier actuarial analysis revealed a signifi- 
cantly worse survival for patients with silent ischemia 
during Holter monitoring (p <0.008; Figure 2). At 1 
year, survival in group | was 100% compared with 87 
+ 11% in group 2, and at 2 years it was 98 + | and 74 
+ 15%, respectively. Kaplan-Meier survival analysis 
was repeated after excluding the 16 patients with previ- 
ous coronary artery bypass surgery. This analysis still 
revealed a significantly decreased cumulative survival in 
patients with silent ischemia during Holter monitoring 
(65 + 19 vs 97 + 5% at 2 years; p <0.005). We also 
evaluated the prognostic significance of duration of si- 
lent ischemia anc found no significant difference in sur- 
vival between patients with <60 minutes of silent isch- 
emia per 24 hours of Holter monitoring and those with 
260 minutes duration. Evaluation of survival patterns 
between the groups according to left ventricular ejec- 
tion fraction of = or <40% revealed that patients in 
both groups with ambulatory ischemia had higher mor- 
tality compared with those without ischemia (p = not 
significant; Figure 3). 

Ambulatory ischemia and nonfatal events: Kaplan- 
Meier actuarial analysis of nonfatal acute myocardial 
infarction, unstable angina and need for myocardial re- 
vascularization did not reveal a significant difference 
between the 2 groups. In group 1, one patient devel- 
oped a myocardial infarction, 17 had unstable angina 
and 2 underwent myocardial revascularization com- 
pared with 1 myccardial infarction and 14 patients with 
unstable angina in group 2. Although the median time 
to a nonfatal cardiac event was shorter (474 vs 851 
days) in patients in group 2, this difference was not 
statistically significant. 

Exercise test parameters and cardiac mortality: We 
evaluated the prognostic importance of functional ca- 
pacity, time to onset of ischemia, and peak heart rate 
during exercise testing, because these parameters have 
been shown to provide reliable prognostic information 
in patients with stable angina.®!? 
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Comparison of survival patterns between the 44 pa- comparison of the 70 patients with early onset of exer- 
tients with exercise duration <6 minutes and the 42  cise-induced ischemia (<6 minutes) with the 16 with 
with duration =6 minutes revealed no significant dif- late onset (=6 minutes) did not reveal a significant dif- 
ference in the mortality rates (14 vs 12%). Similarly, ference in mortality rates (14 vs 6%). Finally, we evalu- 


FIGURE 4. Kaplan-Meier curves compar- 
ing cumulative proportion of patients sur- 
viving during mean follow-up of 2 years 
for 44 patients with exercise duration <6 
minutes. The 23 patients without silent 
ischemia (group [Gr] 1) had better survival 
than the 21 with silent ischemia (group 2) 
during ambulatory electrocardiographic 
monitoring (p <0.05). 


FIGURE 5. Actuarial survival curves com- 
paring cumulative proportion of patients 
surviving during mean follow-up of 2 
years for 70 patients with early (within 
second stage of Bruce protocol) ischemic 
response during exercise test. Patients 
without silent ischemia (group [Gr] 1) had 
better survival than those with silent isch- 
emia (group 2) during ambulatory electro- 
cardiographic monitoring (p = 0.05). 
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ated survival in patients with peak exercise heart rates 
<120 (n = 41, 20% mortality) or 2120 (n = 41, 5%) 
beats/min. We found a significantly worse prognosis 
in patients with peak heart rates <120 beats/min 
(p = 0.05). 

Additional prognostic value of ambulatory silent 
ischemia: Tc evaluate the additional predictive value of 
ambulatory sient ischemia in defining the risk of cardi- 
ac death, we compared the cumulative survival based 
on selected exercise test parameters and presence or ab- 
sence of silemt ischemia during Holter monitoring. In 
patients with reduced exercise capacity (<6 minutes), 
ambulatory silent ischemia identified the group at in- 
creased risk of cardiac death (p <0.05; Figure 4). 
Among patients with exercise duration 26 minutes 
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there was a worse prognosis for those with silent isch- 
emia during Holter monitoring; however, it reached 
only marginal significance (p = 0.09). 

The presence of ambulatory ischemia also helped in 
further stratification of patients with early onset of ex- 
ercise-induced ischemia (<6 minutes). In this subset 
those with ambulatory ischemia had a significantly 
worse survival (p = 0.05; Figure 5). 

In addition, we evaluated the prognostic significance 
of ambulatory silent ischemia in patients with peak ex- 
ercise heart rates > or <120 beats/min. In patients 
with peak exercise heart rates =120 beats/min, the 
presence of ambulatory ischemia was associated with 
a significantly higher mortality (p = 0.03; Figure 6, 
top panel). Although the mortality rate was higher in 


FIGURE 6. Kaplan-Meier curves comparing 
survival patterns in subgroups of patient 

sch based on peak exercise heart rate < or 2120 
beats/min. Top panel shows that for patients 
(n= 41) with peak heart rates >120 beats/ 
min, those without silent ischemia (group [Gr] 
1; n = 28) had better survival than those with 
ambulatory silent ischemia (group 2; n = 13; 
p = 0.03). Bottom panel, survival pattern for 
patients with peak heart rates <120 beats/ 
min. Although mortality was higher for group 
2 (n= 24) than for 1 (n = 17), the difference 
in mortality reached only marginal signifi- 
cance (p = 0.06). 
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the 24 patients with peak exercise heart rates <120 
beats/min and ambulatory silent ischemia (29%) than 
in the 17 with peak exercise heart rates <120 and with- 
out ischemia (6%), this difference only reached margin- 
al significance (p = 0.06; Figure 6, bottom panel). 

Multivariate Cox’s regression analysis: Cox’s mul- 
tivariate proportional hazard function analyses were 
performed to determine the relative importance of 
Holter monitoring findings, clinical variables, electro- 
cardiographic abnormalities, exercise test results and 
angiographic data in predicting 2-year cardiac mortali- 
ty. On the initial Cox’s hazard function analysis, the 
presence of ambulatory silent ischemia was found to be 
the most significant predictor of 2-year cardiac mortali- 
ty (p= 0.0001). The other variables (in decreasing 
order of importance) were heart rate at onset of exer- 
cise-induced ischemia (p = 0.004), peak heart rate dur- 
ing exercise (p = 0.005), exercise duration (p = 0.007), 
time to onset of exercise-induced ischemia (p = 0.007), 
and active cigarette smoking (p = 0.03). The remaining 
variables did not provide any additional prognostic in- 
formation. 

Multivariate Cox’s hazard function analysis was re- 
peated after excluding Holter monitoring data. In this 
analysis, the only significant predictors of cardiac death 
were heart rate at onset of exercise-induced ischemia (p 
<0.01) and peak heart rate during exercise (p <0.02). 
In the next step, Holter monitoring data were added to 
the model. This improved the predictive value of the 
model and revealed ambulatory silent ischemia during 
Holter monitoring as the most important and indepen- 
dent (p = 0.003) predictor of cardiac mortality. The 
other significant predictors were peak heart rate during 
exercise (p = 0.004) and heart rate at onset of exercise- 
induced ischemia (p = 0.008). 

Finally, Cox’s regression analysis was repeated al- 
lowing the model to determine the most important vari- 
ables in predicting cardiac mortality. This analysis re- 
vealed presence of ambulatory ischemia as the most 
powerful (p <0.001) predictor followed by exercise du- 
ration (p <0.01), time to onset of exercise-induced 
ischemia (p <0.02), and hypertension (p = 0.04) as the 
other significant predictors of cardiac death. 


DISCUSSION 

These results show that presence of silent ischemia 
detected by Holter monitoring performed during daily 
life provides significant additional and independent 
prognostic information to that available from the exer- 
cise test parameters in patients with stable angina and a 
positive exercise test. | 

Prognostic value of Holter findings versus exercise 
test parameters: Previous studies in patients with stable 
coronary artery disease have demonstrated that tran- 
sient ischemic events, mostly silent, occur frequently 


during daily life.!:2°202! Our results confirm these 
findings and show that most ischemic events during 
daily life are silent and account for a majority of the 
total ischemic time. One important difference between 
previous reports and our study is that ambulatory isch- 
emia was present in our patients despite control of angi- 
nal symptoms. 

Exercise testing 1s routinely performed and provides 
important prognostic information in patients with coro- 
nary artery disease.®!> Direct comparison between the 
prognostic value of Holter findings and exercise test pa- 
rameters in our study revealed that in patients with re- 
duced exercise capacity, presence of silent ischemia 
during daily life further stratifies patients who are at 
higher risk of cardiac death (Figure 4). Similarly, am- 
bulatory silent ischemia provided additional prognostic 
information in patients with an early ischemic response 
during exercise testing (Figure 5). In patients with low- 
er peak exercise heart rate (<120 beats/min), the pres- 
ence of ambulatory silent ischemia provided only mar- 
ginal additional prognostic information, but did identify 
the subgroup at increased risk of cardiac death in pa- 
tients with higher peak exercise heart rates (=120 
beats/min; Figure 6). Finally, multiple logistic regres- 
sion analysis revealed presence of ambulatory silent 
ischemia as the most important and independent pre- 
dictor of cardiac mortality. 

Clinical importance of findings: The results of this 
study provide clinically relevant and useful information. 
Our findings demonstrate that ambulatory ischemia 
that is predominantly silent occurs frequently in pa- 
tients with stable angina despite control of symptoms 
with antianginal drugs. Although it is generally accept- 
ed that selected exercise test parameters provide reli- 
able prognostic information, our results show that pres- 
ence of ambulatory ischemia detected by Holter moni- 
toring provides significant additional and independent 
prognostic information in patients with chronic stable 
angina and exercise-induced ischemia. 
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Usefulness of Electrocardiographic Findings and 
Creatine Kinase Levels on Admission in 
Predicting the Accuracy of the Interval Between 
Onset of Chest Pain of Acute Myocardial 
Infarction and Initiation of Thrombolytic Therapy 


Aernout M. Beek, MD, Freek W. A. Verheugt, MD, and Albert Meyer, MD 


_ Patients with chest pain lasting >6 hours and 


suggesting acute myocardial infarction (AMI) are 
often excluded from thrombolytic therapy, be- 
cause myocardial necrosis is believed to be 
largely irreversible beyond that time. To evaluate 
the relation between time of onset of chest pain 
and enzymatic evidence of myocardial necrosis, 
enzymes on admission were analyzed in 221 
consecutive patients with 22 mm ST-segment el- 
evation by electrocardiography on admission and 
no contraindications to thrombolytic therapy. Pa- 
tients with symptoms within 6 hours (n = 170, 
early) received thrombolytic therapy, but those 
with symptoms after 6 hours did not (n = 51, 
late). Eventually, 219 (168 eariy, 51 late) pa- 
tients had enzymatically proven AMI within 24 
hours. Creatine kinase levels on admission less 
than twice the upper normal limit were found in 
155 (91%) early patients, but surprisingly, also 
in 30 (59%) late patients. By electrocardiogra- 
phy on admission, ST-segment elevation per lead 
was 2.1 + 1.1 mm in late patients with low ini- 
tial enzymes versus 1.1 + 0.3 mm in those with 
elevated initial enzymes (p <0.0001). Concomi- 
tantly, Q waves in leads with ST-segment eleva- 
tion were present in 17 (57%) late patients with 
low enzymes on admission versus 17 (81%) with 
elevated enzymes on admission (p = 0.06). Even- 
tually, maximal creatine kinase levels were simi- 
lar in all late patients irrespective of enzyme lev- 
els on admission. Therefore, many patients with 
symptoms of AMI after 6 hours have low en- 
zymes on admission and may still be eligible for 
thrombolytic therapy. Immediate enzyme testing 
and the degree of ST-segment elevation by elec- 
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trocardiography on admission may identify these 
patients. These data could explain the improved 
survival reported with “late” thrombolytic thera- 
py for AMI. 

(Am J Cardiol 1991;68:1287-—1290) 


lished therapy for acute myocardial infarction 

(AMI). To gain maximal benefit it is essential 
that therapy is instituted as early as possible. The large 
Gruppo Italiano Per Lo Studio Della Streptochina- 
si Nell’Infarcto Miocardico-1 (GISSI-1) study! only 
showed statistically significant benefit when thromboly- 
sis was accomplished within 6 hours after onset of the 
first symptoms. After a longer period of ischemia, the 
unperfused myocardial tissue was thought to be dam- 
aged beyond repair, and reperfusion was no longer 
thought to have any effect on myocardial salvage. 
However, some earlier small studies? and the very large 
Second International Study of Infarct Survival (ISIS- 
2) trial? demonstrated that thrombolysis may be effec- 
tive in improving survival for a period up to 24 hours. A 
recent meta-analysis of 67 published trials* suggested, 
by logistic regression analysis, mortality reduction up to 
21 hours after onset of the first symptoms. However, an 
explanation for these findings has never been given. 

It could be that the myocardial cell in humans is 
capable of retaining its viability for a longer period of 
time than in animal models. However, the period of 
ischemia leading to irreversible damage might not be as 
long, as can be inferred from the duration of symptoms. 
Due to intermittent coronary occlusion, the patient 
could have unstable prodromal angina pectoris before 
the actual infarction occurs, which might overestimate 
the duration of infarction. Several studies with and 
without thrombolytic therapy have shown a strong rela- 
tion between symptom onset and the development of 
AMI, using enzymatic? and angiographic’ methods. 
However, the patient’s history is a subjective way of 
assessing the duration of AMI, and its reliability can be 
questioned. 


T hrombolysis is a fully accepted and well-estab- 
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TABLE I Demographic and Clinical Data of Patients Arriving 
Later Than Siz Hours After Onset of Symptoms of Acute 
Myocardial In arction 


Creatine Kinase Level on Admission 


<250 U/titer (%) > 250 U/liter (%) 


No. of pts. 

Men (%) 

Age + SD (yrs) 

Age range (yrs) 

History of infaretion 

History of cigarette smoking 11 (37) 
Family history cf CAD 10 (33) 
History of systenic hypertension 11 (37) 
History of diabetes mellitus 3 (10) 
History of angira pectoris 1 (3) 
History of hype:cholesterolemia O (0) 
Use of aspirin 1 (3) 
Use of B blockers 2 (7) 


CAD = coronary artery disease; SD = standard deviation. 


In this stady we compared the duration of symp- 
toms with bath creatine kinase levels and electrocardi- 
ography on admission in a large group of patients with 
AMI eligible for thrombolysis. The main goal of this 
descriptive study was to test the reliability of symptom 
duration acccrding to the history of the patient in rela- 
tion to creatire kinase levels and electrocardiography on 
admission. 


METHODS 

Between Eanuary 1, 1988, and December 31, 1989, 
221 consecutive patients aged <75 years were admitted 
to our hospital with: (1) continuous chest pain >30 
minutes; (2) 22 mm ST-segment elevation in =2 con- 
tiguous leads by electrocardiography; and (3) no con- 
traindications. to thrombolysis. Physical examination, 
history and interpretation of electrocardiography on ad- 
mission were performed in the emergency room by a 
cardiology feLow supervised by an experienced cardiol- 
ogist. 

Patients with duration of symptoms <6 hours re- 
ceived 1.5 million U of streptokinase intravenously over 
30 minutes ir the emergency department according to 
our protocol.® Those with symptom duration >6 hours 
did not receive thrombolytic therapy. Development of 
AMI was dened by an increase within 24 hours of 
creatine kinas2, aspartate aminotransferase and lactate 
dehydrogenasz to more than twice the upper normal 
limits. Enzymes were determined on admission, 6 hours 
later and, subsequently, every 12 hours until the fourth 
hospital day. 

In all patients, creatine kinase levels on admission 
were availabls for analysis (Technicon EC 2.7.3.2., 
Tarrytown, Mew York). In our institution, the coeffi- 
cient of the variation of reproducibility at 100 U/liter 
and 30°C is 3.0% in duplicate. 





TABLE li Duration of Symptoms and Creatine Kinase Levels on 
Admission in Patients Arriving Later Than Six Hours After Onset 
of Symptoms of Acute Myocardial Infarction 


Creatine Kinase Level on Admission 


< 250 U/liter 


No. of pts. 30 21 

Duration of symptoms, l3 £ 14 157 

mean + SD (hrs: 

Duration of symptoms, 

<24 hours (n) 

Creatine kinase on admission 
Median (U/liter) 121 
Range (U/liter) 38-241 

Maximal creatine kinase 
Median (U/liter) 888 892 
Range (U/liter) 292~2,525 295-2 228 


SD = standard deviation. 


According to data published earlier,’ the duration of 
AMI was considered to have been >6 hours when cre- 
atine kinase level on admission was >250 U/liter, 
which is twice the upper normal limit in our institution. 
AMI was thought to have lasted <6 hours when cre- 
atine kinase level was <250 U/liter on admission. 

First, we examined the relation between duration of 
symptoms and creatine kinase levels on admission. Sec- 
ond, the electrocardiographic features of transmural 
AMI in patients with symptoms after 6 hours were re- 
viewed and analyzed by 2 experienced cardiologists. 
ST-segment elevation was measured and Q waves were 
scored only in tke leads with ST-segment elevation. Q 
waves were considered to be pathologic when the dura- 
tion was 240 ms and the amplitude was >25% of the 
ensuing R wave. No interobserver variability between 
the 2 cardiologists was noted. 

Statistical analysis: Comparisons of frequency dis- 
tribution between groups were performed with the chi- 
square test. The Student ¢ test was used to compare 
continuous variables between groups. Two-sided p val- 
ues are given. 


> 250 U/liter 


27 (90%) 19 (86%) 


842 
295-—2,228 


RESULTS 

Early patients: In our institution, 77% (170 of 221) 
of the patients presenting with symptoms and electro- 
cardiographic signs of AMI, and eligible for thrombol- 
ysis arrived within 6 hours after onset of symptoms and 
received thrombalytic therapy. Two patients (1%) did 
not develop AMI by the aforementioned enzymatic cri- 
teria within 24 hours after admission and were not in- 
cluded in this analysis. 

Late patients: Fifty-one patients (23%) were admit- 
ted >6 hours after onset of symptoms and were not 
treated with thrombolytic therapy. Surprisingly, 30 pa- 
tients (59%) arriving late had admission creatine kinase 
levels <250 U/liter, and 21 (41%) had levels >250 
U/liter. There were no significant differences between 
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‘late patients with and without elevated enzyme levels 


on admission in the demographic and clinical data (Ta- 
ble I). Unstable anginal symptoms occurred in only 1 
patient (in the group with low enzymes on admission) 
before the final symptoms began. The eventual peak 
enzyme level was similar in patients with both normal 
and elevated enzyme levels on admission (Table II). 
Most patients arriving >6 hours after onset of symp- 
toms did so within 24 hours. The electrocardiographic 
characteristics in relation to the enzyme levels on ad- 
mission are listed in Table IHI (Figure 1). Patients with 
positive enzymes tended to have less ST-segment eleva- 
tion and more pathologic Q waves. However, there is a 
considerable overlap, and the difference in the trend ob- 
served is not statistically significant. 


DISCUSSION 

This study clearly shows that a high proportion of 
patients presenting late (>6 hours after onset of pain) 
with symptoms and signs of AMI have creatine kinase 
levels that are within twice the upper normal limit. 
These data suggest that history of onset of symptoms 
may not be reliable in judging eligibility for thrombo- 
lytic therapy. Furthermore, the electrocardiographic 
findings in these patients suggest that myocardial ne- 
crosis may not yet be fully in progress. Eventually, they 
develop peak enzyme levels of the same magnitude as 
those of patients arriving late who already had elevated 
enzymes on admission. 

In this study, 2 cutoff points were used: 6 hours af- 
ter onset of pain; and twice the upper normal limit of 
creatine kinase. The time limit of 6 hours was chosen 
because it is used in most thrombolytic protocols and, 
also, because it has been shown that after 6 hours of 
coronary occlusion, myocardial enzymes in humans are 
elevated.’ We used an arbitrary and rather high cutoff 
point of twice the upper normal limit of creatine kinase 








TABLE Ili Electrocardiography on Admission in Patients 
Arriving Later Than Six Hours After Onset of Symptoms of Acute 
Myocardial Infarction 











Creatine Kinase 
Level on Admission 












<250 U/liter 
30 


> 250 U/liter 





p Value 











No. of pts. 21 









Pts. with pathologic Q 17 (57%) 17 (81%) 0.06 
waves 

ST-segment elevation per 7.6 + 4.8 3.7+1.6 0.001 
patient, mean + SD 
(mm) 

ST-segment elevation per 2.1 + 1.1 1.1+03 0.0001 






lead, mean + SD (mm) 


SD = standard deviation. 





to discriminate between new and developing AMI. All 
patients admitted late in this study with creatine kinase 
levels on admission that were within normal range 
(<125 U/liter) had electrocardiographic signs of trans- 
mural ischemia (ST elevation) that were greater than 
in patients with enzymes >125 U/liter (Figure 1). In 
the large Multicenter Investigation of Limitation of In- 
farct Size (MILIS),® creatine kinase-MB was elevated 
4 hours after onset of pain. Because creatine kinase 
peaks later than creatine kinase-MB, it is very likely 
that creatine kinase would be elevated 6 hours after 
onset of pain. 

The basis of our findings is unclear. It could be that 
patients with low enzymes on admission have enzyme 
kinetics different from those with elevated enzymes. 
The electrocardiographic findings make this hypothesis 
unlikely, but do not exclude it. Intermittent coronary 
occlusion may be another explanation for the discrep- 
ancy of symptom duration and low enzymes on admis- 
sion. In patients with continuous chest pain, intermit- 
tent coronary occlusion has been observed.’ This may 


admission enzymes and ST elevation/lead 


FIGURE 1. Distribution of mean ST-seg- 
ment elevation per lead with ST elevation 
in relation to creatine kinase levels on ad- 
mission in patients admitted >6 hours af- 
ter onset of symptoms of acute myocardial 
infarction. 





1000 1500 2000 
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herald persistent occlusion leading to AMI.!° Finally, 
the presence of collateral circulation may protect 
against a rapidly developing AMI in some patients. +! 

These findings could have implications for use of 
thrombolytic therapy for AMI. Most thrombolytic pro- 
tocols do not include patients admitted >6 hours after 
onset of symptoms. As suggested by GISSI-1,! many 
clinicians beLeve that myocardial salvage does not re- 
sult from latz thrombolysis and that only the side ef- 
fects of throrabolysis will appear in these patients. Pa- 
tients with symptoms lasting over 6 hours and with low 
enzymes may benefit from thrombolysis and can be 
easily identified by early enzyme testing. However, 
in many emergency departments, immediate enzyme 
measurements are not available. Electrocardiography 
on admission can give another clue to the identification 
of this type o7 patient. In this study we found that these 
patients have greater ST-segment elevation and fewer 
Q waves than patients with elevated enzymes. How- 
ever, the overlap between the patient groups was con- 
siderable, so that clear electrocardiographic guidelines 
for the identification of patients with low enzymes can- 
not be obtained from our data. 

Although the clinical implications of our findings 
are probably limited, they may partly explain the re- 
markable results of late thrombolysis in ISIS-2.° In 
that study, a statistically significant 15% improvement 
of survival by thrombolysis >6 hours after onset of 
symptom was demonstrated. Furthermore, a few other 
smaller studies have shown a similar benefit in patients 
treated >6 hours after onset of symptoms.!2-!4 If we 
extrapolate our findings in a small group of patients to 
ISIS-2 it may be that half of the latter patients arriving 
>6 hours after onset of symptoms had low enzymes on 
admission anc could have the same benefit from throm- 
bolysis as those admitted early in whom improvement 
of survival was nearly 30%. A major difference between 
ISIS-2 and oar study is that our patients all had con- 
firmed AMI within 24 hours of admission. A major 
similarity is that both studies analyzed the results in 
retrospect. The implications of our findings and the def- 
inite proof of benefit in patients admitted late can only 
be established. in large prospective controlled mortality 
trials on “late” thrombolysis. These studies are current- 
ly being perfcrmed by several investigative groups.!° 

The decison to treat a patient with AMI with 
thrombolytic therapy has strong prognostic implications 


and is largely based on subjective data such as history 
of duration of symptoms. We found an unexplained 
discrepancy between symptom duration and enzymes 
on admission, that could cause the attending physician 
to withhold thrombolysis. To circumvent the subjective 
steps in the decision tree of thrombolysis, only immedi- 
ate enzyme testing and electrocardiography are avail- 
able, which, however, have logistic and discriminative 
shortcomings. 
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Thrombolysis is now generally accepted as the 


initial treatment for patients with acute myocar- 
dial infarction (AMI). The extent to which this 
therapy is implemented in caily practice and the 
reasons for exclusion from thrombolytic therapy 
among 413 consecutive paiients with AMI hospi- 
talized in 18 coronary care units in Israel during 
a 1-month survey were prospectively investi- 
gated. Thrombolytic therapy administered to 
145 patients (35%) was given to 38% of men 
versus 29% of women (p = not significant), to 
38% of patients <75 years old compared with 
18% of the very elderly (p <0.005), and more 
often to patients with a firs: or anterior AMI (40 
and 48%) than to counterparts with recurrent or 
inferior AMI (23 and 31%, respectively, p 
<0.005 for both). The 2 mcst frequent reasons 
for excluding patients from thrombolysis were 
late arrivals to coronary care units (33%) and 
lack of ST elevation on the admission electrocar- 
diogram (28%). Hospital mortality was 6% in 
the thrombolytic group versus 20% in patients 
found ineligible for thrombclysis. The signifi- 
cance of this difference is not clear as treatment 
was not randomized. 

(Am J Cardiol ?991:68:1291-1294) 
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als it is now accepted that thrombolysis should 

be the initial treatment for patients with acute 
myocardial infarction (AMI) without specific contrain- 
dications. !-* To what extent this salutary therapy is im- 
plemented in daily practice has not been sufficiently as- 
sessed.®’ We investigated the incidence of treatment 
and the reasons for ineligibility for thrombolytic thera- 
py of patients with AMI hospitalized in 18 of the 23 
coronary care units functioning in Israel in early 1990. 


B ased on multiple large-scale positive clinical tri- 


METHODS 

A questionnaire was completed in the coronary care 
unit for each patient with AMI hospitalized in January 
1990, irrespective of the administration of thrombolytic 
therapy. Data recorded were: age, gender, time of pain 
onset, time until admission to coronary care units, his- 
tory of previous AMI, AMI site and the following spe- 
cific reasons for not giving thrombolytic treatment: old 
age, late arrival, lack of electrocardiographic criteria 
and contraindication to thrombolysis (see later). The 
diagnosis of AMI was based on typical chest pain, 
characteristic electrocardiographic changes and high 
serum levels of cardiac enzymes (creatinine kinase- 
MB-, glutamic oxalotransaminase, lactic dehydroge- 
nase). The admission electrocardiogram and the pa- 
tients charts were not centrally reviewed because the 
survey was not designed to evaluate the diagnostic ac- 
curacy of the participating coronary care units. In-hos- 
pital mortality was recorded for all patients with AMI. 

There were no uniform guidelines for thrombolytic 
treatment in the different centers during the survey. 
However, all the coronary care units had participated 
in the International Alteplase/Streptokinase study® 
which determined the treatment policy in the coronary 
care units during the survey period. According to this 
study protocol patients eligible for thrombolytic therapy 
had to have typical chest pain lasting between 30 min- 
utes and 6 hours, unrelieved by sublingual nitrates, with 
an electrocardiogram showing ST-segment elevation of 
20.1 mV in 22 contiguous chest leads, or in leads I or 
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TABLE I Inctænce of Thrombolytic Treatment by 
Gender and Ass 


Thrombolytic Treatment 


Total No. 
of Pts. 


No. of Pts. 
Treated 


Men 

Women 

Age (years) 
<75 
>75 

History 
First AMI 
Recurrent m/l 

Type of AMI 
Q-wave 
Non-Q-wave 

Location of A+! 
Anterior 
Inferior 
Lateral 


Total 


AMI = acute ny- exardial infarction; NS = not significant. 





aVL, or in Z of the 3 inferior leads (II, III, aVF); pa- 
tients also had to be free of the usual reasons for omit- 
ting thrombclytic treatment (age >75 years, late ar- 
rival to coronary care unit >6 hours, absence of ST 
elevation on the admission electrocardiogram, excessive 
systemic hypertension, major surgery or coronary aor- 
tobypass gréiting within 3 months, history of cerebro- 
vascular acãJent and recent cardiopulmonary resusci- 
tation). Howe2ver, each center was free to deviate from 
these reasons for withholding thrombolytic therapy. Of 
the 18 partixpating coronary care units only 4 centers 
considered ace >75 years as contraindication to throm- 
bolysis, whe-2as only 2 centers did not insist on ST ele- 
vation on tte admission electrocardiogram for com- 
mencement cf treatment. Sixteen centers did not pro- 
vide thromtolysis if patients arrived >6 hours from 
pain onset. 

Statistica analysis: Chi-square and ź tests were 
used to dete~nine the significance of the differences be- 
tween prope-tions and means, respectively. All tests 
were 2-taileL 


RESULTS 

In January 1990, 413 patients with AMI were hos- 
pitalized in -he 18 participating coronary care units. 
Thrombolyt.«c therapy was provided to 145 patients 
(35%). One hundred thirty-six patients were treated 
with streptosinase and 9 with tissue plasminogen acti- 
vator. The se of thrombolytic therapy varied signifi- 
cantly accoscing to different demographic and clinical 
parameters _Table I). The mean age of patients treated 
with thrombolysis was 59.2 years versus 65.1 years in 
the untreated group (p <0.01). Thrombolytic therapy 
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TABLE II Hospital Mortality 


Thrombolytic Treatment 


Yes No 
{n = 145) in = 268) 


No. No. 


31/183 
22/85 


<0.01 
<0,0] 


Men 
Women 
Age (years) 
<75 
>75 
Past AMI 
Yes 23/93 NS 
No 30/175 <0.001 
Index AMI 
Non-Q-wave 
Q-wave 


36/218 <0.001 
16/49 NS 


4/42 NS 

49/226 <0.0001 
Anterior 20/97 <0.001 
Inferior 26/119 <0.001 

All patients 53 < 0.005 


AMI = acute myocardial infarction; NS = not significant. 


was administered to 38% of men versus 29% of women 
(p = not significant), to 38% of patients <75 years ver- 
sus 18% of those >75 years (p <0.005), to 40% of 
patients with a first AMI versus 23% of those with re- 
current AMI (p <0.005), and more often to patients 
with an anterior (48%) than an inferior (31%) AMI (p 
<0.005). Mean time from pain onset to institution of 
treatment was 3.3 hours. Eighty-five percent of the pa- 
tients were treated within 2 hours of pain onset, 11% 
between 2 to 6 hours, and only 6 patients were treated 
later than 6 hours after pain onset. Nineteen patients 
(13%) received thrombolytic therapy before admission 
to the coronary care unit (in the ambulance or in the 
emergency department). 

Cardiac catheterization, coronary angioplasty and 
coronary artery bypass grafting were equally performed 
in both groups (data not shown). Hospital mortality by 
gender, age group, AMI in the past and type of AMI, 
is given in Table IJ. Hospital mortality was higher 
among patients not receiving thrombolytic therapy in 
most subgroups. 

Two hundred and sixty-eight patients (65%) were 
ineligible for thrombolytic therapy, of which 30% were 
excluded for more than one reason. The 2 most fre- 
quent reasons for excluding patients from thrombolytic 
therapy in this survey were late arrivals to the coronary 
care unit (33%) and lack of ST elevation on the admis- 
sion electrocardiogram (28%) (Table UI). Analysis of 
the reasons for excluding patients from thrombolysis 
in different subsets of patients showed that most (30 
of 42) patients with a non-Q-wave AMI were not giv- 
en thrombolytic therapy because of lack of ST eleva- 
tion on the admission electrocardiogram. In other sub- 
groups, including patients with a recurrent AMI, late 
arrival was the principal reason for ineligibility. 


NOVEMBER 15, 1991 





4 


VB 


DISCUSSION 

Frequency of thrombolytic therapy: In 2 large-scale 
clinical trials,°? the rate of randomized patients to 
thrombolysis was 37 and 22%, respectively. Lee et al® 
estimated that only 15% of patients with AMI in the 
USA are potential candidates for thrombolytic therapy. 
In a recent review, Grines and Demaria’ estimate that 
available data suggest that only 10% of patients with 
infarction in the USA receive thrombolytic drugs. 

In a recent publication, Althouse et al!” reported 
their experience in 8 hospitals in the Seattle-Tacoma, 
Washington metropolitan area on the proportion of pa- 
tients with AMI (n = 1,028) who were eligible for 
thrombolytic therapy. Twenty-two percent of patients 
were eligible for thrombolysis but only 179 patients 
(17%) were actually given thrombolytic therapy. 

To the best of our knowledge, our study ts the first 
nationwide survey designed prospectively to assess (1) 
the percentage of patients with AMI treated with a 
thrombolytic agent, and (2) the reasons for exclusion. 
In this survey, 35% of patients admitted to coronary 
care units with AMI were treated with thrombolysis. 
This relatively high percentage of patients with AMI 
treated with thrombolytic agents results partly from the 
inclusion of some very elderly patients (>75 years) who 
are no longer routinely excluded from thrombolysis.’ If 
11 patients aged >75 years and 6 patients with symp- 
toms beyond 6 hours who were treated are omitted, 
the use of thrombolytic therapy is reduced to only 
30%. The survey showed that men with AMI received 
thrombolytic therapy more often than women, although 
the difference was not statistically significant, and that 
the use of thrombolytic therapy among patients with a 
recurrent AMI was significantly lower than that in pa- 
tients with a first AMI, despite the fact that the former 
are at increased risk. This latter finding 1s in accor- 
dance with the study of White et al!! in which patients 
with new onset of ischemic heart disease (first AMI) 
were more likely to receive thrombolytic therapy (11%) 
than patients with a history of chronic ischemic disease 
(5%, p <0.0001). 

Exclusion from thrombolytic therapy: The principal 
reason for ineligibility in this survey was, as in other 
studies, '? late arrivals to coronary care units. This is a 
crucial issue since both in the Italian Group for 
the Study of Streptokinase in Myocardial Infarction 
(GISSI)° and Second International Study of Infarct 
Survival (ISIS-2)* trials, the degree of reduction of 
mortality using intravenous streptokinase was strongly 
related to the lack of delay from onset of pain to treat- 
ment. Delay in hospital arrival may be due to patients 
delaying calls for emergency aid, to logistic problems of 
patient transportation or to prolonged stay in the emer- 
gency ward. In our country a delay in patient transpor- 
tation is not a critical problem because the national sys- 


Age > 75 yaars 

Late arrival to coronary care unit 

Absence of ST elevation on the 
admissio’ electrocardiogram 

Contraindications to thrombolytic 
treatment 


Atypical clinical presentation 
Unspecified cause 


Total 





tem enables mobile coronary care units to reach the 
nearest hospital within 1 hour from the patient’s call. 

The second important reason for excluding patients 
from thrombolysis in this survey was the absence of ST 
elevation on the admission electrocardiogram. This was 
the reason for the exclusion of most patients with a 
non-Q-wave AMI. In the GISSI study? the mortality 
rate of patients with ST depression was 20.5% in the 
streptokinase group versus 16.3% in the control group 
(p = not significant). In the ISIS-2 study,’ mortality in 
patients with ST depression was not affected by strep- 
tokinase (18.7%) compared with the placebo group 
(18.0%). 

The difference in hospital mortality between the 
group of patients who received thrombolytic treatment 
and those considered unsuitable for this treatment in 
this survey, as in previous studies,’ probably reflects dif- 
ferences in patient baseline characteristics between the 
2 groups in addition to the expected beneficial effect of 
thrombolysis. However, it is worth mentioning that the 
difference in mortality rates persisted after age-adjusted 
analysis, and that 60% of patients in the thrombolytic 
group had an anterior AMI, usually considered as a 
factor disposing to increased risk. 

Despite rapid resolution of many controversial issues 
in coronary thrombolysis, much remains to be done in 
order to increase the number of patients with AMI who 
may be treated with thrombolytic agents. 


Acknowledgment: We are indebted to all the nurses 
and physicians working in the coronary care units who 
participated in the survey. 
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APPENDIX 

Participating centers and investigators: Assaf Har- 
ofe Hospital, Zrifin: Zwi Schlesinger; Barzilai Medical 
Center, Ashkelon: Leonardo Reisin; Beilinson Medical 
Center, Petach Tikva: Jacob Agmon, Yaacov Friedman, 
Samuel Sclarovsky; Bnei-Zion Hospital, Haifa: Edward 
Abinader; Carmel Hospital, Haifa: Abraham Palant; 
Central HaEmek Hospital, Afula: Tiberio Rosenfeld; 
Edith Wolfson Medical Center, Holon: Yehezkiel Ki- 
shon, Daniel Brunner; Hasharon Hospital, Petach Tik- 
vah: Izhar Zahavi; Hillel Yaffe Hospital, Hadera: Ben- 
yamin Pelled; Ichilov Hospital, Sorasky Medical Center, 
Tel Aviv: Shlomo Laniado, Libi Sherf; Kaplan Hospital, 
Rehovot: Avi Caspi; Meir Hospital, Sapir Medical Cen- 
ter, Kfar Saba: Daniel David; Naharia Hospital, Na- 
haria: Nathan Rougin; Rambam Medical Center, Hai- 
fa: Vladimier Markiewicz; Rivka Ziv Hospital, Tsfat: 
Michael Flich, Alon Marmor; Shaare Zedek Medical 
Center, Jerusalem: Monty Zion; Sheba Medical Center 
Heart Institute, Tel Hashomer: Elieser Kaplinsky, Ba- 
beth Rabinowitz; Soroka Medical Center, Beersheva: 
Moshe Gueron, Natalio Kristal. 
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Effect of Propranolol (Long-Acting) on the 
Circadian Fluctuation of Tissue-Plasminogen 
Activator and Plasminogen Activator Inhibitor-1 


Felicita Andreotti, MD, Cornelis Kluft, PhD, Graham J. Davies, MD, Linda G.M. Huisman, BSc, 
Anton C.W. de Bart, BSc, and Attilio Maseri, MD 


The incidence of myocardial infarction and sud- 


den cardiac death is highest in the morning. Inhi- 
bition of fibrinolytic activity in blood also peaks 
in the morning and this inhibition may favor the 
development of arterial thrombosis. It has been 
reported that patients treated with 6 blockers do 
not show the typical circadian pattern of onset of 
myocardial infarction and sudden cardiac death. 
This study was undertaken to investigate wheth- 
er 8 blockade alters the circadian rhythm of 2 
major fibrinolytic factors, tissue-plasminogen ac- 
tivator (t-PA) and plasminogen activator inhibi- 
tor-1 (PAI-1). Repeated blood samples were tak- 
en over a 24-hour period in 13 healthy volun- 
teers: 7 taking 160 mg/day of long-acting 
propranolol orally for 14 days, and the other 6 
taking no medications. Blood samples were ana- 
lyzed for the plasma levels of t-PA activity, t-PA 
antigen, PAI activity and PAI-1 antigen. A sig- 
nificant circadian variation of all 4 parameters 
was present in both groups. No significant differ- 
ences in peak and nadir values, 24-hour mean, 
amplitude of fluctuation, and time of peak and 
nadir were found between the treated and un- 
treated subjects. The data therefore suggest that 
propranolol treatment does not affect the plasma 
concentrations at rest or the endogenous circadi- 
an rhythm of t-PA and PAI-1 in healthy volun- 
teers. The reported alteration in the circadian 
pattern of onset of myocardial infarction and 
sudden cardiac death by 8 blockers does not ap- 
pear to be mediated by effects on the fibrinolytic 
system. 

(Am J Cardiol 1991;68:1295-—1299) 
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yocardial infarction and sudden cardiac 
M death occur more frequently in the morn- 

ing.' A possible explanation for this phe- 
nomenon is the circadian variation of potential pathoge- 
netic factors, such as platelet aggregability,? blood anti- 
coagulant activity, circulating catecholamines, blood 
pressure,° heart rate® and vasomotor tone.’ It has been 
noted that treatment with 6-receptor blockers modifies 
the circadian pattern of onset of myocardial infarc- 
tion®? and sudden cardiac death.!° It is possible there- 
fore that 6 blockade alters the circadian variation of 
underlying precipitating factors. 

Two major determinants of the fibrinolytic balance 
in blood, tissue-plasminogen activator (t-PA) and its 
fast-acting inhibitor, plasminogen activator inhibitor-1 
(PAI-1), show a marked circadian fluctuation both in 
normal subjects!! and in patients with stable arterial 
disease.!* Lowest fibrinolytic activity due to elevated 
PAI-1 levels is observed in the early morning in tem- 
poral concordance with the peak incidence of acute 
thrombotic events. Patients with unstable angina!? or 
with evolving acute myocardial infarction?>!4 show a 
similar circadian pattern. Moreover, increased plasma 
activity of PAI-1 has been associated retrospectively 
with the occurrence of myocardial infarction!> and pro- 
spectively with reinfarction. !6!7 

In the present study we have investigated the effects 
of a nonselective 6-blocker agent on the circadian 
rhythm of plasma t-PA and PAI-1. The rationale of 
the study was the following: if an alteration in the cir- 
cadian variation of these factors was observed during 6 
blockade, a close relation between the circadian pattern 
of fibrinolytic factors and that of arterial thrombosis 
might be assumed. Conversely, in case of an unchanged 
circadian rhythm of t-PA and PAI-1 during 8 block- 
ade, a primary role of the endogenous fibrinolytic sys- 
tem in determining the circadian pattern of onset of 
acute cardiovascular events would appear less likely. 





METHODS 

Subjects: Two groups of healthy volunteers were in- 
vestigated: a study group of 7 subjects (6 men, 1 wom- 
an; mean age 33.3 + 1.4 years, range 29 to 40) taking 
propranolol, and a control group of 6 subjects (4 men, 2. 
women; mean age 29.2 + 2.5 years, range 23 to 39) 
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taking no medications. None were hypertensive, obese, 
hyperlipidem::, or had a history of thrombotic disor- 
ders, asthma. sleeping disturbances or recent illnesses. 
The women were not taking oral contraceptive drugs. 
One subject n the study group was a smoker. 

Beta-bloc-ser administration: The volunteers form- 
ing the study 2roup received a slow-release preparation 
of the nonseEctive 6-receptor blocker, propranolol hy- 
drochloride (Inderal LA®, Imperial Chemical Indus- 
tries PLC, Macclesfield, Cheshire, UK), administered 
in a single dary oral dose of 160 mg for 14 consecutive 
days. Compli=nce to treatment was monitored by 3 dai- 
ly recordings cf the pulse rate and blood pressure before 
and during the period of propranolol administration. 
Blood collect.on was begun on the morning of the last 
day of admir-stration. 

Blood sarmples: Serial blood samples were obtained 
from each sutject every 3 hours over a 24-hour period, 
starting at 910 aM. During this period, the volunteers 
pursued their normal activities during the day and slept 
in a hospital ward between midnight and 8:00 am. A 
peripheral vezous cannula was inserted 15 minutes be- 
fore the first sample; the cannula was kept patent by 
flushing it wih 25 IU of heparin after the withdrawal 
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FIGURE 1. Mesan plasma levels of tissue-plasminogen acti- 
vator (t-PA) activity (above) and t-PA antigen (below) over a 
24-hour period in the volunteers taking propranolol (continu- 
ous curve) an¢ in those taking no medications (broken curve). 
Bars represe ranges. 
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of blood. In the hour preceding each blood sample 
the subjects refrained from strenuous exercise, eating, 
drinking and smoking. The first 2 ml of blood were 
discarded and the following 9 ml were collected in 
cooled plastic tubes containing 1 ml of 0.103 M trisodi- 
um citrate. After immediate centrifugation at 2,000 X 
g for 20 minutes at 4°C, the resulting platelet- 
poor plasma was aliquoted, snap-frozen and stored at 
= 10°C: 

Fibrinolytic factors: The plasma aliquots corre- 
sponding to each blood collection time were analyzed 
for the activity and antigen levels of t-PA and PAI-1. t- 
PA activity was measured in plasma euglobulin frac- 
tions by a parabolic rate chromogenic assay.!® Calibra- 
tion was performed using the international t-PA stan- 
dard.!? Values are expressed in mIU-ml7! of plasma. 
t-PA antigen concentrations were measured by a 
specific enzyme-linked immunosorbent assay using 
a slightly modified version of the Imulyse t-PA 
(v 1-5) kit (Biopool, Umea, Sweden; catalogue number 
101005). Values are expressed in ng-ml—!. PAI activity 
was assessed by titration with known amounts of 
standard t-PA and measurement of residual t-PA activ- 
ity as previously described.2° Values are expressed in 
IU-ml7!. PAI-I antigen concentrations were measured 
by a specific enzyme-linked immunosorbent assay using 
the TintElize PAI-1 kit (Biopool, Umea, Sweden; cata- 
logue number 210220). Based on a previous validation 
of our blood-collection procedure,?! we excluded any 
significant platelet contribution to the PAI-1 antigen 
levels. Values are expressed in ng-ml7!. 

Statistical analysis: Results are expressed as mean 
+ standard deviation or as median with range. For nor- 
mally distributed parameters, differences were analyzed 
using Student’s ¢ tests. Otherwise, the Wilcoxon signed 
rank test and the Mann-Whitney U test were applied. 
When identical values were recorded at consecutive 
sampling times, the median time was taken. The Bon- 
ferroni correction was applied to multiple comparisons. 
A p value <0.05 was considered statistically significant. 


RESULTS 

In the group taking propranolol, the pulse rate was 
69.6 + 4.6 beats/min before and 57.1 + 9.0 beats/min 
at the end of treatment (p = 0.002). Systolic blood 
pressure was 119.3 + 5.3 mm Hg before and 105.3 + 
5.7 mm Hg at the end of propranolol administration 
(p = 0.001). Diastolic blood pressure was 79.6 + 4.6 
mm Hg before and 66.4 + 8.5 mm Hg at the end of 
treatment (p = 0.01). No serious side effects were re- 
ported by the subjects taking propranolol. 

Figure 1 shows the median plasma levels of t-PA 
activity and t-PA antigen over the 24-hour period in the 
2 groups of volunteers. A significant difference in the 
activity and antigen levels of t-PA was found between 
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TABLE I Main Characteristics of the Circadian Pattern of Fibrinolytic Factors in Subjects Taking Propranolol and in the Control Group 


of Volunteers* 
t-PA Activity 


t-PA Antigen 


BB BB 


PAI Activity PAI-1 Antigen 


BB BB 


24-hour peakf $ 
24-hour nadirtt 
24-hour averagett 
Amplitude 


of circadian 
fluctuationtt 


447 
(16~1,414) 
2.4 

(0-46) 


125 
(6.8--568) 
446 


(14~1,412) 


1800 


758 
(260—1,343) 


(88—563) 
757 


(260—1,330) 


1800 


8.2 
(5.0-1]) 
4,7 
(2.1-5.9) 
6.4 
(3.4-8.2) 
3.7 
(2.6-6.2) 


0900 


A9 
(5.1-9.5) 
3.8 
(2.2-6.5) 
5.8 
(3.9--7.8) 
4.2 
(2.4-5.5) 


0900 


17 
(9.0—30) 
2.9 
(1.1-4.3) 
7.3 
(4.6-13) 


14 
(12—20) 
3.8 
(2.35.4) 
6.9 
(5.2—9.9) 
10 
(8.4—15) 


0300 


28 
(9,0-47) 
1.6 
(0-8.1) 
14 
(3,0-20) 
24 
(12—46) 


0300 


19 
(14—56) 
4.5 
(2,.3~7.0) 
11 
(6.1—19) 
14 
(10-49) 


0309 


Time of peakT§ 
(hours) 

Time of nadirt§ 
{hours) 


(0000~1200) 
0000 


(0300-2100) 
0300 


(1500-1800) 
9345 


*None of the parameters differed significantly between the 2 groups. 
Median values (ranges in parenthesis). 


(0600-0900) 
0000 
(0000-0900) (0130-0600) (1500-0130) (2100~0300) (1200-1930) (1630-1930) (1500-2100) (1560-2100) 


(0000-0900) 
1800 


(0300—0600) 
1803 


(0000—0900) 
1800 


(0300-0600) 
1800 


tValues expressed in the respective units: t-PA activity in miU - mi~!, t-PA antigen and PAI-1 antigen in ng- mi~}, and PAI-1 activity in {U « mi-?, 


§Time expressed in hours and minutes. 


BB = -blocker group; CTR = control group; t-PA = tissue-plasminogen activator; PAI and PAI-1 = plasminogen activator inhibitor-1. 





values at the time of peak and those at the time of 
nadir (p <0.01) in both groups of subjects. 

Figure 2 illustrates the median plasma concentra- 
tions of PAI activity and PAI-1 antigen during the 24 
hours in the treated and untreated volunteers. A signifi- 
cant difference in the activity and antigen levels of 
PAI-1 was found between values at the time of peak 
and those at the time of nadir (p <0.01) in both groups 
of subjects. 

The following parameters were assessed for each fi- 
brinolytic factor: peak and nadir value during the 24- 
hour period, 24-hour averaged value, amplitude of the 
circadian fluctuation, time of occurrence of peak and 
nadir. No significant difference in any of these parame- 
ters was found between the propranolol-treated and the 
untreated group of subjects. The findings are summa- 
rized in Table I. 


DISCUSSION 

This study demonstrates that the circadian fluctua- 
tion of the fibrinolytic factors, t-PA and PAI-1, is not 
significantly altered by (@-adrenergic blockade. The 
plasma levels of these factors also do not appear to be 
significantly affected by propranolol treatment. We be- 
lieve this is the first report of the effects of 8 blockade 
on specific components of the fibrinolytic system moni- 
tored over a 24-hour period. Our data further suggest 
that none of the multiple consequences of 6 blockade 
— including bradycardia, reduced blood pressure and 
cardiac output, increased peripheral resistance, or inhi- 
bition of lipolysis and glycogenolysis — influence the 
plasma levels or the circadian rhythm of t-PA and 
PAI-1. 

We chose the nonselective 8-receptor blocker pro- 
pranolol because it was the most widely used 6 blocker 
agent at the time the altered circadian pattern of onset 


of myocardial infarction in treated patients was report- 
ed. It was also the drug under investigation in the re- 
port on sudden cardiac death.!° The propranolol regi- 
men of 160 mg/day of a slow-release preparation 
achieved adequate 6 blockade in our subjects, as appar- 
ent from the significant reduction in pulse rate and 
blood pressure observed at the end of the 14-day treat- 


——e-——~ Beta-blocker group 
===Ox2=: Control group 


+ 
*O------4 
+ 
* 


PAI activity (IU.mł-1 ) 


—_ 
iy 
E 
pæ 
& 
c 
Q 
D 
rors 
c 
wo 
qu 
=b, 
< 
Q, 


12 15 18 21 0 3 6 9 
Time of day (hours) 





FIGURE 2. Median plasma concentrations of plasminogen ac- 
tivator inhibitor-1 (PAI or PAI-1) activity (above) and PAI-1 
antigen (below) over a 24-hour period in the subjects taking 
propranolol (continuous curve) and in those taking no medica- 
tions (broken curve). Bars represent ranges. 
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ment. The administration of propranolol for 14 days 
was considezed necessary, as any interference by 6 
blockers wit the endogenous pacemaker controlling 
the circadiagz rhythm of t-PA and PAI-1, if present, 
would probatly have required several 24-hour periods 
before reachag a stable effect. 

The cons.stency of the data between the proprano- 
lol-treated amd the untreated group of subjects is strik- 
ing. Because: zhis was not a crossover study, i.e., differ- 
ent subjects formed the 2 groups, there are 2 possible 
interpretations of the results: either 8 blockade had no 
effect on the investigated parameters, or some baseline 
differences between the 2 groups were exactly counter- 
balanced by z1e 6-blocker treatment. The first interpre- 
tation appeazs by far the more likely. The somewhat 
lower t-PA zctivity levels observed in the §-blocker 
group (Figure 1, upper panel, and Table I) did not rep- 
resent a stat&tically significant difference and are com- 
patible with vàe slightly older age and the presence of a 
smoker in this group, since both age and chronic ciga- 
rette smokin= are known to reduce blood fibrinolytic 
activity.2+-23 ~Jowever, because of the small sample size, 
we cannot ertirely exclude that the lower daytime t-PA 
activity in the 6-blocker group represents a true phe- 
nomenon. In zhis case, the altered circadian rhythm of 
onset of myozardial infarction by 6 blockers could be 
explained by a greater incidence of infarction during 
the day, wher t-PA activity is depressed. This explana- 
tion, howeve~ is in disagreement with the reported re- 
duction of renfarction rate in patients treated with 6 
blockers.?4 

Theoretically, 8 blockade could have shifted the 
plasma concentrations of both t-PA and PAI-1 in the 
same direction, leaving the net fibrinolytic activity of 
plasma unchenged. To assess this possibility, in addi- 
tion to the axcivity of t-PA and PAI-1, the immunore- 
active forms, Dr antigen concentrations, were measured 
and found to e virtually unaffected by 8-blocker treat- 
ment (Figures 1 and 2, lower panels). 

We are aware of only | study investigating the ef- 
fect of acute 8 blockade on the diurnal changes of 
blood fibrino “tic activity.2° In that study global fibrino- 
lytic activity. assessed as plasma euglobulin lysis time, 
was measurez. over an interval of 2 hours; the intrave- 
nous administration of propranolol, alone or in combi- 
nation with zae a-blocker phentolamine, did not have 
any effect o7 fibrinolytic activity, in agreement with 
our findings. 

The lack of effect of 8 blockade on the circadian 
rhythm of circulating fibrinolytic factors is not entire- 
ly surprising. Although it is known that intravenous 
adrenaline administration is followed by a prompt in- 
crease in blocd fibrinolytic activity% and that pretreat- 
ment with propranolol can significantly inhibit the fi- 
brinolytic response to adrenaline infusion,?’** the 


enhancement of fibrinolysis induced by the diurnal 
rhythm?’ or by exercise? does not appear to be mediat- 
ed by circulating catecholamines and adrenoreceptor 
stimulation.7>3° Still, 8 blockade might exert an inhibi- 
tory effect on fibrinolytic activity, which is detectable 
only in the presence of enhanced adrenergic stimula- 
tion. In this respect, the resting condition of our healthy 
volunteers probably differs considerably from the condi- 
tion of acutely ill patients with coronary thrombosis in 
whom adrenergic activation is likely to be high. We 
cannot exclude that the intensity of adrenaline-induced 
fibrinolysis itself undergoes a circadian variation that is 
blunted by £ blockade. It is also possible, but not very 
likely, that in patients with arterial disease the response 
of circulating fibrinolytic factors to B blockers differs 
from that of young healthy subjects. 

In conclusion, if 8 blockade indeed alters the circa- 
dian pattern of onset of myocardial infarction and sud- 
den cardiac death, our results suggest that the phenom- 
enon is independent of fibrinolysis. The effects of 8- 
receptor stimulation, including increased heart rate and 
cardiac output, which undergo changes over the 24 
hours and are enhanced by the early morning adrener- 
gic surge, may play a more crucial role in determining 
the higher morning frequency of acute coronary events. 
The contribution of the endogenous fibrinolytic system 
to the circadian pattern of onset of these events would 
appear to be, at most, subsidiary. The results of this 
study, however, do not undermine the possible impor- 
tance of circulating fibrinolytic factors in promoting or 
regulating the development of acute thrombotic syn- 
dromes. 
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Specificity and Sensitivity of QRS Criteria for 
Diagnosis of Single and Multiple 





Myocardial Infarcts 


Olle Pah m, MD, PhD, Wesley K. Haisty, Jr., MD, Nancy B. Wagner, BA, James E. Pope, MD, 
and Galen S. Wagner, MD 


A subset of 33 criteria from the complete Selves- 


ter scoring system has been proposed earlier for 
electrocardmgraphic screening of healed myo- 
cardial infaects. This subset yielded 95% speci- 
ficity and high sensitivity for single anterior and 
inferior infarcts. In the present study, an auto- 
mated version of these criteria was applied to 
1,344 electrocardiograms from normal subjects 
(473 normal subjects as determined by cardiac 
catheterization and 871 apparently normal sub- 
jects by history and physical examination), to 
706 from subjects with single myocardial infarc- 
tion, and ta 131 from subjects with combined 
anterior anc inferior myocardial infarcts. Of the 
single infarcts, 366 had inferior, 277 anterior 
and 63 poséerolateral locations. Presence and lo- 
cation of inkarcts were judged from left ventric- 
ulograms ard coronary angiograms. Overall 
specificity as only 86%, whereas overall sensi- 
tivity for the infarct population was 77%. Speci- 
ficity was bawer in men than in women; it was 
also lower m older than in younger subjects. One 
of the screening criteria (R 240 ms in Vi) may 
possibly be 2liminated to augment specificity; 
this can be done with only minor loss of sensitiv- 
ity. Differemces in wave form measurements be- 
tween the r-anual and computer methods ac- 
count for a targe part of the deterioration of 
specificity ia this study compared with previous- 
ly published results. Computer application of the 
screening caiteria requires altered criteria limits 
in comparicen with those used in manual appli- 
cation. Probably sex- and age-dependent criteria 
limits should be used. 

{Am J Cardiol 1991;68:1300-—1304) 
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combination of serial changes in the electrocar- 

diograms and enzymes. The electrocardiogram 
is the single readily available method for diagnosis of 
healed infarction. Previous studies!? demonstrated su- 
periority of vectorcardiographic over classic electrocar- 
diographic (ECG) criteria for this diagnosis, and auto- 
mated analysis systems employ very complex criteria in 
an attempt to compensate. The study of Anderson et 
al? identified 3 criteria from the complete Selvester 
scoring system‘ to “screen” for presence of myocardial 
infarcts that achieved high specificity (95%), and sensi- 
tivity similar to that of the vectorcardiographic criteria. 
Each criterion relates to one of the common infarct lo- 
cations (inferior, anterior, and posterolateral) that re- 
sult from occlusions of the 3 major coronary arteries 
(the right, left anterior descending and left circumflex, 
respectively). These screening criteria have not yet been 
evaluated in a test population, perhaps because of the 
inconsistent and tedious process required for manual 
application of quantitative criteria. Recently, however, 
Pope et al? developed an automated method of applying 
the Selvester scoring system, which removes these prob- 
lems from such an evaluation. The main purposes of 
this study were to test the specificity of the screening 
criteria in normal subjects and their sensitivity in pa- 
tients with single or multiple infarcts using the auto- 
mated method.’ Secondary purposes were to study the 
influence of varying criteria limits and of deleting crite- 
ria on sensitivity specificity. 


A cute myocardial infarction is diagnosed by the 


METHODS 

Study population: The normal study group consisted 
of 1,344 subjects. Of these, 473 had undergone diag- 
nostic cardiac catheterization at the North Carolina 
Baptist Hospital during the period 1981 to 1986. Crite- 
ria for this subgroup were similar to those of the study 
by Hindman et alt: no ECG evidence of right or left 
ventricular hypertrophy, bundle branch block or fascic- 
ular block as determined by the Marquette 12-SL pro- 
gram (Marquette Electronics, Inc., Milwaukee, Wis- 
consin), normal coronary arteries, normal contrast left 
ventriculogram, no evidence of valve dysfunction or 
congenital heart disease, ejection fraction 250%, and 
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an overall study evaluation of “normal.” The remaining 
871 persons were from the Marquette Normal Data 
Base. These were normal volunteers or subjects under- 
going routine health screening examinations. History 
and physical examination revealed that they were free 
of any disease known to affect the electrocardiogram, 
took no medications other than aspirin, were normoten- 
sive, and had been examined by a cardiologist to ex- 
clude organic murmurs or mitral valve prolapse. Sub- 
jects with known prior elevation of cholesterol, family 
history of diabetes or heart disease diagnosed before 
age 50 years were excluded. The same ECG exclusion 
criteria as for the catheterization normal group were 
applied. The demographic characteristics of these study 
populations are listed in Table I. 

The Wake Forest University Catheterization Regis- 
try was searched to identify patients with healed single 
inferior, anterior, or posterolateral myocardial infarc- 
tion, or combined anterior and inferior infarctions (Ta- 
ble I) with the same ECG and noncoronary exclusions 
as for the catheterization normal study group. The cri- 
teria for single anterior and inferior myocardial infarcts 
described next were similar to those of Anderson et al.? 

Three hundred sixty-six patients had single inferior 
myocardial infarcts defined as indicated in Table IT and 
Figure | by presence of =75% diameter stenosis of the 
right coronary artery, and akinesia or dyskinesia of the 
inferior wall on the right anterior oblique ventriculo- 
gram (segments 1 or 2). Two hundred seventy-seven 
patients had single anterior myocardial infarcts defined 
by presence of 275% diameter stenosis of the left main 
coronary artery, the left anterior descending artery or 
its major diagonals, and akinesia or dyskinesia of the 
anterior-superior wall on the right anterior oblique ven- 
triculogram (segments 3, 4 or 5). Sixty-three patients 
had single posterolateral myocardial infarcts defined by 
presence of 275% diameter stenosis of the left circum- 
flex artery or any of its major branches in conjunction 
with akinesia or dyskinesia of the posterolateral wall on 
the left anterior oblique ventriculogram (segment 7). 

One-hundred thirty-one patients had both anterior 
and inferior myocardial infarcts defined by 275% di- 
ameter stenosis of the left main artery, the left anterior 





TABLE I Demographic Characteristics of Study Population 


Normal infarction 


PL Atl 


Catheterized Volunteers | 


871 
68 
32 
44 


A = anterior; I = inferior; PL = posterolateral. 


No. of pts. 473 
Men (%) 39 
Women (%) 61 
Mean age (yr: 51 


descending artery or its major diagonals, and also of the 
right coronary artery accompanied by akinesia or dys- 
kinesia of the anterior and inferior walls of the right 
anterior oblique ventriculogram (Table IT). 

Electrocardicgraphic evaluation and data analysis: 
Standard 12-lead electrocardiograms were recorded 
on computerized electrocardiographs (Marquette Elec- 
tronics, Inc., Milwaukee, Wisconsin) near to the time 
of diagnostic cardiac catheterization or physical exami- 
nation. Waveform measurements were performed by 
the software described in the study by Pope et al.° This 
software reanalyzes the QRS complex of the Mar- 
quette median beat and shortens Q-wave duration if a 
Q notch is found. The screening criteria are*: (1) Q 
=.30 ms in aVF, (2) any Q or R <10 ms and R <0.1 
mV in V>, and (3) R 240 ms in V}. 

These relate to inferior, anterior and posterolateral 
locations, respectively. In criterion 2; the “any Q” as- 
pect is stated directly, whereas in the original study by 
Anderson et al? it was simply assumed, because a Q 
wave would represent the extreme of a diminished R 
wave, 

A subset of 200 electrocardiograms was selected for 
manual application of the screening criteria. Of these, 
100 were from the normal group undergoing catheter- 
ization and 100 from the various infarct groups; half of 
each 100 had screened positive and half negative by the 
computerized method, presetting results at 50% speci- 
ficity and 50% sensitivity. The manual observer was 
presented with median beats recorded at double speed 
and double gain, and was unaware of both clinical di- 
agnosis and results of computer screening. Plots of the 
measurement distributions were generated to study the 


TABLE II Criteria on Wall Motion and Coronary Status for Inclusion into Study Groups 


Left Ventriculogram (segment no.) 


Population l 2 3 4 


Catheterized normal 

Inferior MI (+ or +) 
Anterior MI 0 (+ or + or +) 
Posterolateral MI +/0 0 
Anterior + inferior MI (+ or +) 


Wail segment numbers refer to Figure 1. 
LC = left circumflex coronary artery; LM/LAD = left main or left anterior descending artery or its major diagonals; Ml = myocardial infarction; + = akinesia or dyskinesia / > 75% 
stenosis; 0 = ncrmai motion/no stenosis; +/0 = may be normal or abnormal; {+ or +) = either segment or both abnormal; (4+ or + or +) = > ] of 3 segments abnormal. 


(+ or + or +) 


Coronary Angiography 


Right LM/LAD LC 
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aVF alore 

aVF alore or in combination 
V2 alone 

V2 alone =r in combination 
V1 alone 

V1 alone "r in combination 
Screenirg set 


Criteria: aVF; C >30 ms; Vo: any QorR <0,.1mVY; V1 R >40 ms. 


TABLE IV S-xcificities (%) for Set of Screening Criteria in 
Various Age =roups 


No, of Pts. Specificity 


Age Group 


(yr) Women Men Women Men pValue 


0.0169 
0.0105 
0.765 (NS) 
0.141 (NS) 
0,0055 


effect that .erying the criteria thresholds had on sensi- 
tivity and szscificity. The chi-square test was used to 
assess the sEznificance of the difference in sensitivity or 
specificity ci the criteria set between different study 


groups. 


RESULTS 

Because the V> criterion consists of multiple compo- 
nents (any Ç or R <10 ms and <0.1 mV), the perfor- 
mance of ech of these was initially evaluated. One 
hundred seventy of 277 patients (61%) met the any Q 
criterion, but only 6 others (2.2%) met both of the R 
criteria. An additional 35 patients (13%) met only the 
R-amplitude: component, but none met the R-duration 
component lone. Because this result contrasted with 
that reporte= using manual measurement by Anderson 
et al? R-duzation measurements by automated versus 
manual metlzods were compared. In 16 of the 200 pa- 





FIGURE 1. L=#t panel, wall segments of right anterior oblique 
(RAO) ventriculogram: right panel, wall segments of left ante- 
rior oblique (LAO) ventriculogram. 
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Criterion Fulfilled 


aVF alone 

aVF alone or in combination 
V2 alone 

V2 alone or in combination 
V1 alone 

V1 alone or in combination 
Screening set 


Criteria: aVF: Q > 30 ms; Va: any Qor R <0.1 mV: Vi: R > 40 ms. 
A = anterior; | = inferior; PL = posterolateral. 


tients evaluated, the R-duration component was satis- 
fied by manual interpretation.- Automated measure- 
ment concurred in only 6 cases; the computer-measured 
duration ranged from 0 ms (i.e., no R wave found) to 
20 ms (median 12). Therefore, it was decided to per- 
form all subsequent analysis with a simplified version of 
the V, screening criterion (any Q or R <0.] mV). 
The overall specificity of the set of 3 screening crite- 
ria was 86%. The false-positive rates for the individual 
criteria are presented in Table III. Although 185 per- 
sons (14%) met at least 1 of the 3 criteria, only 18 
(1.3%) met >1 criterion. The overall performance of 
the screening criteria in the various age and sex groups 
is shown in Table IV. There was a trend toward de- 
creasing specificity with age within both female and 
male populations. This difference was significant be- 
tween women in 40s versus 50s and for both sexes in 
50s versus 60s. Specificity was lower in men than in 
women in all age groups, but the differences attained 
statistical significance only in the 2 younger age groups. 
The overall sensitivity of the screening set was 77%. 
The sensitivities were essentially the same for the single 
(77%) and multiple (78%) infarct groups. The sensitiv- 
ities of the screening criteria in the various infarct pop- 
ulations are listed in Table V. Sensitivities of 79 and 
77% in the single anterior and inferior infarct groups 
were similar (p = 0.57; difference not significant), but 
were significantly higher than the 62% of the postero- 
lateral infarct group (p = 0.0032 and p = 0.012, re- 
spectively). In the inferior infarct group, the aVF crite- 
rion was highly sensitive (71%). Within the anterior in- 
farct group the V> criterion achieved a high sensitivity 
(76%), but there was also a 12% incidence of the aVF 
criterion. In the posterolateral group, none of the 3 cri- 
teria achieved high sensitivity, with the 48% by the 
aVF criterion being greatest. There was only 25% sen- 
sitivity for the V; criterion. The aVF and V3 criteria 
both achieved lower sensitivity in patients with com- 
bined anterior and inferior infarcts than in those with 
single inferior or anterior infarcts, respectively. How- 
ever, they contributed similarly (54 and 42%) to the 
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diagnosis of the multiple infarcts and complemented 
each other to achieve the overall high sensitivity of 
78%. 

The specificity of the screening set (86%) is lower in 
this study than in that by Anderson et al? (95%; 
p = 0.001). Because automated technology facilitates 
more precise waveform duration measurements, the ef- 
fect of incrementally varying the criteria was deter- 
mined. Figure 2 indicates an example of the effects on 
sensitivity /specificity of varying the threshold of Q- 
wave duration in aVF in the vicinity of the value used 
in this study. Maintenance of the 30 ms threshold 
would preclude addition of any other screening criterion 
without excessive loss of specificity. The threshold of 34 
ms required to permit inclusion of even 1 more screen- 
ing criterion would result in a decrease in sensitivity 
from 71 to 58%. 

The V, criterion alone has a false-positive rate 
(4.9%) similar to that of the aVF criterion (4.1%). 
Since it has a much lower sensitivity, ‘perhaps elimina- 
tion rather than modification might be most appropri- 
ate. The specificity of the resulting set of 2 criteria 
would increase by 3.7 to 90%, whereas the sensitivity 
for the total infarction population would decrease by 
2.3 to 74%. 

The result of manual versus computer screening of 
the 200 patient subset was considered to determine the 
extent to which the differences in performance could be 
explained by the difference in methods. Computer 
screening concurred with visual screening in 175 cases 
(88%). In the 25 cases of disagreement, the correct di- 
agnosis was achieved by the human observer in 20 
cases and by the computer in 5 cases. Overt computer 
mismeasurements were observed particularly in lead 
aVF (Figure 3). 


DISCUSSION 

It is a matter of judgment to determine the optimal 
limits of normal for any test, with the relative trade-offs 
in sensitivity and specificity considered. Since the stan- 
dard 12-lead electrocardiogram is used so widely as a 
screening method, it is of prime importance that high 
specificity be attained. Most clinicians would agree that 


FIGURE 3. Two examples indicating com- 
puter mismeasurements in lead aVF. A, 
small initial R wave is missed, so the com- 
puter measures a wide Q wave; B, QRS is 
erroneously delineated at the peak of the 
P wave. Q-wave duration is therefore 
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SPECIFICITY 


FIGURE 2. Sensitivity versus specificity of the aVF criterion 
for thresholds ranging from 25 to 35 ms. Sensitivity was de- 
termined for the 366 patients with angiographically diagnosed 
inferior myocardial infarction. Specificity was determined for 
the total group of 1,344 normal subjects. 





false-positive identification of an important clinical enti- 
ty such as a healed myocardial infarction should not 
exceed 5%. Such results were achieved for the screen- 
ing set by Anderson et al.? It is not surprising that this 
low level was not corroborated by the present study 
because in the original study (1) no test group was in- 
volved, (2) there was no blinding of the patient diagno- 
sis, and (3) manual QRS measurements were per- 
formed. Indeed, the high sensitivity attained by Ander- 
son et al? suggested that it would be unlikely that their 
combination of high sensitivity and specificity would be 
confirmed in an independent test group. 

However, it is surprising that there were 14% false- 
positive results identified in the present study. The cri- 
teria for “normal” for catheterized patients are very 
strict and are essentially identical in the 2 studies. 
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Therefore, t is unlikely that a significant number of the 
current normal subjects who had undergone catheter- 
ization hac unrecognized myocardial infarction. The 
validity of -àe results of the present study is enhanced 
by finding 3milar specificity in the volunteer group. 

The prir-ary reason for the difference in specificities 
is most likely the differing methods, manual versus 
automated. As indicated in the comparison of measure- 
ment methcds in the 200 electrocardiograms in the text 
and illustra-ed in Figure 3, computer measurement was 
at times responsible for false application of screening 
criteria. For example, small R waves preceding large S 
waves were not recognized and the depressed waveform 
during the R segment was considered a Q wave. Pos- 
sibly some 9: these errors could be corrected in a man- 
ual-reviewicz phase much in the same way as computer 
interpretations are most often reviewed by an experi- 
enced electrmocardiographer. Ultimately, however, ef- 
forts must be made to improve computer waveform 
measureme És. 

The present study confirms the high sensitivities of 
Anderson et al? with single anterior and inferior in- 
farcts. As expected, both the aVF criterion for inferior 
infarction and the V> criterion for anterior infarction 
individually achieved lower sensitivities in patients with 
combined eaterior and inferior infarction. However, 
when both <f these criteria are applied, the sensitivity 
for combined infarction is equal to but not greater than 
that for sinale infarction. 

There poved to be systematic differences between 
the manual method and the computer method with re- 
gard to the duration component of the V> criterion. It 
was therefore disregarded, leaving a simplified version 
of the V» caterion. In the aVF criterion, the Q-wave 
duration is =efined as the duration from QRS onset to 
either the peak of any notch within the Q wave or (if no 
notch is przsent) to the end of Q. This definition is 
different from the one used in commercially available 
ECG measu-ement and interpretation programs, and is 
used becaus= only the initial part of the QRS is typical- 
ly deformed by an inferior myocardial infarction.* It 


would be of interest to evaluate the influence of differ- 
ent definitions of Q-wave duration on sensitivity /speci- 
ficity, but that was not within the scope of the present 
study. 

There was no group with posterolateral infarction in 
the study of Anderson et al.? The V; criterion that add- 
ed minimal sensitivity in patients with inferior and an- 
terior infarction in that study might be expected to be 
highly sensitive in a posterolateral infarct group. How- 
ever, only 7 of the 63 patients (11%) were identified 
solely by this criterion. This result is similar to that of 4 
of 20 patients (20%) with anatomic posterolateral in- 
farction reported by Ward et al. The aVF criterion 
alone identified 3 times as many of the patients (33%) 
as did the V, criterion in the present study, which ap- 
peared alone only in 1 of the 131 patients with multiple 
infarcts. Overall sensitivity in the posterolateral infarct 
group would decrease from 62 to 51% if the V} criteri- 
on was eliminated. 

This study suggests that a set of 2 screening criteria 
might achieve a specificity of 95% and high sensitivity 
for both single and multiple infarcts. Criteria limits 
may have to be sex- and age-dependent and be adjusted 
to within 1 ms for the aVF criterion and with 10 uV for 
the V> criterion. 
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Intracoronary Uitrasound Evaluation of 
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The feasibility and applicability of intravascular 


ultrasound (IVUS) of the coronary arteries were 
evaluated in 65 patients undergoing 70 coronary 
interventional procedures. Morphologic and 
quantitative analyses were performed with a me- 
chanically rotated IVUS catheter (4.8Fr, 20 
MHz) and with orthogonal view cineangiography. 
A semiautomated edge-detection algorithm was 
used for cineangiographic quantification. Coro- 
nary interventions included 45 percutaneous 
transluminal coronary angioplasties, 9 excimer 
lasers, 11 directional coronary atherectomies, 3 
rotational atherectomies and 2 stents. Most le- 
sions consisted of a mixture of plaque composi- 
tion (hard, n = 30; soft, n = 64). Other unique 
morphologic data by IVUS were plaque topogra- 
phy (eccentric, n = 34; concentric, n = 36) and 
vessel dissection (IVUS [n = 29] versus angiogra- 
phy [n = 14], p <0.05). Postprocedure minimal 
lumen diameter and cross-sectional area mea- 
sured by IVUS were larger and poorly correlated 
with angicgraphy (r = 0.28, standard error of 
the estimate = 0.52 mm; r = 0.08, standard er- 
ror of the estimate = 1.0 cm?, respectively). 
IVUS is more sensitive than angiography when 
assessing postintervention lesion characteristics 
including vessel dissection and plaque morpholo- 
gy. Catheter-based ultrasound appears to be a 
useful adjunct to contrast angiography when 
evaluating and comparing the therapeutic impact 
of conventional percutaneous transluminal coro- 
nary angioplasty with new technologies. 

(Am J Cardio! 1991;68:1305-1309) 
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a limited definition of vessel morphology at 

least partially due to silhouette imaging. How- 
ever, Cineangiography has been considered to be the 
gold standard for human in vivo assessment of luminal 
dimensions and extent of plaque disruption after coro- 
nary interventions. Previous studies have demonstrated 
the feasibility of catheter-based intravascular ultra- 
sound (IVUS) to obtain quantitative and qualitative 
information of arterial anatomy in vivo and in vi- 
tro.'!-7 Real-time 2-dimensional ultrasound images have 
detected plaque composition,” postangioplasty dissec- 
tion,!:2 and thrombus.® In vitro imaging of postangio- 
plasty segments has demonstrated plaque morphology 
and qualitative characteristics of plaque disruption.! 
Human in vivo data have demonstrated an excellent 
correlation between IVUS and quantitative angiogra- 
phy for assessment of peripheral arterial dimensions in 
normal and minimally diseased segments.” The purpose 
of this study was to determine the feasibility and appli- 
cability of IVUS to assess the acute effects of coronary 
interventional technologies. 


C onventional contrast cineangiography provides 


METHODS 

Patient group: Seventy coronary interventions were 
prospectively evaluated in 65 patients. There were 48 
men and 17 women (mean age 63 + 6 years, range 49 
to 76). The indication for intervention was progressive 
or unstable angina in all except 1 patient who presented 
with an acute myocardial infarction. Preprocedure an- 
giographic stenosis was 275% by visual estimate in all 
patients. Eleven patients had undergone previous bal- 
loon coronary angioplasty. 

Interventions performed were: 45 balloon percutane- 
ous transluminal coronary angioplasties (PTCAs), 11 
directional coronary atherectomies, 9 excimer lasers (4 
of which were performed with adjunctive PTCA), 3 
rotational atherectomies and 2 stainless steel stent im- 
plantations. 

Coronary interventions were performed in a stan- 
dard manner over a 0.014-inch guidewire through a 
9Fr giant lumen-guiding catheter or a 9.5Fr or 11Fr 
guide catheter for patients undergoing atherectomy. 
The size of the interventional device was selected based 
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on visual estamate of the angiographically normal vessel 
diameter usmg the guide catheter for calibration. 

The sites of the 70 lesions were 29 right coronary 
arteries, 31 Eft anterior descending coronary arteries, 8 
left circumfl=x coronary arteries and 2 saphenous vein 
grafts. All lesions were within the proximal or midsec- 
tion of the vessel. 

Ultrasoumd imaging: The coronary catheter used 
was a 4.8Fr monorail over-the-wire catheter (Boston 
Scientific Ccrporation, Watertown, Massachusetts). 
The catheter was advanced over a 0.014-inch guidewire 
immediately after the coronary intervention. A 20 
MHz single riezoelectric crystal transducer is mechani- 
cally rotated within the catheter sheath and attached to 
a diagnostic imaging console (Diasonics, Inc., Milpitus, 
California). Two-dimensional images were displayed 
on a video monitor of 512 X 512 pixel matrix that 
discriminated 64 shades of gray. Images were record- 
ed on 0.5-irch videotape for subsequent quantitative 
and qualitate analysis. Quantitative analyses was per- 
formed off-lme with resident software from a Hewlett- 
Packard SONOS 1000 system (Andover, Massachu- 
setts). If a c&section was present, the area within the 
true lumen end behind the flap was planimetered. Pas- 
sage of the ctheter-based ultrasound was successful in 
all patients x which it was attempted. There were no 
complication: attributable to IVUS imaging. 

In patien» 1 to 6, the software configuration of the 
ultrasound sstem was not calibrated for quantitative 
determinatio-—. Postprocedure computer-derived quanti- 
tative meastxements were obtained in 23 consecutive 
arterial segrrents for the image displaying minimal ab- 
solute lumen diameter and cross-sectional area. Due to 
the vast disca-dance of the 2 techniques, no further an- 
giographic cuantitation was obtained. Cross-sectional 
area was ottained by planimetry. Excellent intraob- 
server and interobserver correlations have been previ- 
ously reported.” 

Qualitative analyses were evaluated by 2 observers 
unaware of tte results of angiography. Vessel morphol- 
ogy analyses were undertaken for plaque composition 
(hard versus oft), plaque topography (eccentric versus 
concentric) ead vessel dissection. 

Plaque composition was evaluated in a similar man- 
ner to that previously suggested by Gussenhoven et al. 
Hard plaque was defined as vessel wall thickening with 
bright reflec&d echoes or distal acoustic shadowing 
consistent wh calcium, or both. Soft plaque lacked 
these charac-2ristics and was represented as less dense 
echoes of thickened arterial wall. Eccentric plaque was 
defined as insolving <50% of the total circumference of 
the vessel. —issection was defined as separation of 
plaque from intima or media with encroachment of 
plaque onto tle catheter blank or with independent mo- 
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tion from the vessel wall. Equivocal dissections were 
confirmed by hand injection of contrast media through 
the guide catheter during ultrasound imaging. If a dis- 
section was present, contrast was visualized within the 
true lumen and in the dissection plane. 

Contrast angiography: Contrast cineangiography in 
orthogonal views was obtained before and after the in- 
tervention with hand injection of nonionic contrast. Im- 
ages were acquired in a 7-inch image intensifier mode 
at 30 frames/s. 

Quantitative digital cineangiographic images were 
analyzed with a previously validated, semiautomated 
edge-detection algorithm® in the same patients mea- 
sured with ultrasound. The guide catheter was used for 
calibration. Absolute lumen diameter and cross-section- 
al area were determined at the same position as the 
coronary angiogram image displaying minimal lesion 
diameter and area. 

Qualitative analysis of cineangiographic images 
were undertaken by consensus of 2 observers unaware 
of the angiography for determination of vessel dissec- 
tion. Dissection was defined as either a linear filling 
defect within the vessel or an extraluminal opacity.? 

Data analysis: The correlation between angiograph- 
ic and intravascular ultrasound images was determined 
with linear regression. Categoric data were analyzed 
with a Breslow chi-square. 


RESULTS 

Quantitative data: The absolute lumen diameter 
and cross-sectional area for 23 consecutive postinter- 
ventional arterial segments determined by angiography 
and ultrasound were poorly correlated (r = 0.28, stan- 
dard error of the estimate = 0.52 mm, p = 0.2, and 
r= (0.1, standard error of the estimate = 1.0 cm?, p 
= 0.7; respectively) (Figure 1). In general, IVUS mea- 
surements of vessel size were larger than with angio- 
graphic determinations. 

Qualitative data: Although variability in image 
quality existed, IVUS provided morphologic informa- 
tion in all cases. Most lesions consisted of a mixture of 
both hard and soft plaque. Plaque composition was 
classified as hard in 30 (43%) lesions and soft in 64 
(91%) lesions. 

Evaluation of plaque topography revealed that ec- 
centric lesions, comprising <50% of the vessel lumen, 
were observed in 34 lesions (49%), and concentric 
plaque was present in 36 lesions (51%). 

In the 70 interventions qualitatively evaluated by 
IVUS and angiography, vessel dissection was noted by 
ultrasound in 29 segments (41%), and in only 14 seg- 
ments (20%) by angiography (x,2= 9.8; p <0.05) 
There was concordance between the 2 techniques in 
67% of sites. However, coronary dissections were noted 
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by ultrasound at 19 sites (27%), in which they were not 
detected with angiography. Figure 2 demonstrates an 
example of a right coronary artery PTCA in which 
haziness but no obvious dissection is present at the dila- 
tion site. A large mobile intimal and medial dissection 
is present by ultrasound. Despite the ultrasound ap- 
pearance, this patient had no acute adverse clinical 
events, and remains asymptomatic 7 months after- 
PTCA. 

Angiography identified 4 dissections that were not 
detected by ultrasound. These occurred in vessels whose 
postintervention lesion diameters by angiography were 
<2.5 mm. The luminal flap noted by angiography was 
probably “tacked up” by the near-occlusive ultrasound 
catheter. In the 8 patients undergoing excimer laser an- 
gioplasty, hard plaque comprising >50% of the lesion 
was noted in 4 patients and predominantly soft plaque 
was observed in 4 patients. An example of soft plaque 
ablation is shown in Figure 3. 

Vessel dissection was noted in 2 of 11 patients 
(18%) undergoing directional atherectomy and in 26 of 
45 patients (58%) undergoing conventional balloon 
PTCA (p <0.05). With catheter-based ultrasound, the 
extent of residual atheromatous plaque after atherec- 
tomy was well defined. In 10 of 11 atherectomy cases 
residual atheroma could be demonstrated with ultra- 
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FIGURE 1. Intravascular ultrasound 
(IVUS) compared with quantitative angiog- 
raphy (Angio) for determination of lumen 
diameter (Diam) (left) and cross-sectional 
area (right). SEE = standard error of the 
estimate. 
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FIGURE 2. Left, right coronary artery angio- 
gram immediately after percutaneous translu- 
minal coronary angioplasty. Haziness is noted 
at dilation sites, but no obvious dissection (ar- 
row). Right, large intimal and medial dissec- 
tions noted within area of hard plaque. 





sound despite an adequate angiographic result. Thus, 
the smooth vessel contour noted with silhouette contrast 
angiography appears to underestimate the extent of re- 
sidual atheroma (Figure 4). 

In the evaluation of intracoronary stainless steel 
stent deployment, conventional angiography is limited 
in its ability to visualize relatively radiolucent struts. 
IVUS readily defined the strut and vessel architecture 
(Figure 5). Although this patient incurred a major dis- 
section after conventional PTCA, catheter-based ultra- 
sound demonstrated resolution of dissection without 
persistent flap or luminal compromise. 


DISCUSSION 

This study describes a series of patients in which 
IVUS was used to assess the acute effects of interven- 
tional technologies. Intracoronary ultrasound appears 
feasible and safe for postinterventional imaging. The 
advantage of this technique over contrast angiography 
is in its ability to define postinterventional lesion char- 
acteristics including lesion composition, topography and 
dissection. 

It has been previously shown in postmortem studies 
that plaque morphology including topography and le- 
sion composition are determinants of pathologic out- 
come after coronary angioplasty.!° With IVUS, plaque 
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FIGURE 3. Immediately after 2 passes with excimer laser. 
Channels and sites of tissue ablation noted within soft plaque 
(arrows). 
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composition and topography were readily identified. 
Plaque composition was classified as hard or soft based 
on previous, suggested pathologic validated criteria. 
With the present state of IVUS image quality, more 
extensive characterization of lesion composition is not 
validated amc may represent an overinterpretation of. 
the images. However, when compared with angiogra- 
phy, the improved lesional descriptors with ultrasound 
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may assist in interventional device selection or predic- 
tion of long-term outcome. 

Thrombus could not be definitively identified in any 
patient. Previous studies evaluating thrombus and soft 
plaque have demonstrated that their ultrasonic charac- 
teristics are often similar.>6 After peripheral venous an- 
gioplasty, IVUS has been demonstrated to be more 
sensitive than angiography for detection of intraluminal 
thrombus as well as dissection.!! ` 

Coronary dissections were more often identified 
with ultrasound than with cineangiography. It has been 
well documented in previous studiės that angiographic 
morphologic description, particularly dissection, is a sig- 
nificant predictor of ischemic outcome after PTCA.*!? 
Despite a large dissection noted in the patient in Fig- 
ure 2, no adverse clinical sequelae were noted acutely, 
and the patient remains asymptomatic 7 months after 
PTCA. Whether the improved sensitivity of ultrasound 
to detect dissection impacts on therapeutic approaches 
to improve either acute or long-term outcome after an- 
gioplasty remains to be determined. | 

As opposed to previous studies of noninterventional 
peripheral arterial segments,” discordance exists be- 
tween IVUS and quantitative angiography for determi- 
nation of postprocedure coronary dimensions. Numer- 
ous factors may account for this discrepancy. A previ- 


FIGURE 4. Left, left antericr descending cor- 
onary artery after directional coronary ather- 
eclomy. Note smooth contour of vessel at site 
of intervention (arrow). Righi, corresponding 
intravascular ultrasound image demonstrating 
channel of excised plaque (7 o'clock) and re- 
sidual atheroma (12 o'clock). 
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FIGURE 5. Left, after major dissections with - 
percutaneous transluminal coronary angio- 
plasty, stent deployed into mid—left anterior 
descending coronary artery. Struts are seen 
poorly with angiography (arrow). Right, 
struts readily visualized without evidence of 
persistent dissection or luminal compromise. 
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ous study in dogs has indicated a poor correlation of 
ultrasound with angiography after PTCA.'? These in- 
vestigators determined that an increase in measured 
vessel eccentricity accounted for the differences, and 
that ultrasound may be superior to cineangiography in 
defining vessel size when lumen shape is distorted. To- 
bis et ali also demonstrated that IVUS and quantita- 
tive angiography are discordant after balloon angio- 
plasty. Preliminary data from our laboratory indicate 
that technical factors inherent to IVUS also contribute 
to the discordance observed when compared with angi- 
ography.!5 Eccentric catheter position, vessel curvature 
and beam divergence are all potential sources of error 
in evaluating vessel size and echogenicity. Thus, both 
angiography and ultrasound may exhibit properties that 
account for the discrepancies observed in quantitative 
comparisons. 

The size of the population presented in this study 
does not allow for definitive conclusions regarding the 
differential acute effects of various interventional tech- 
nologies. Rather, this study serves to describe the ability 
of IVUS to provide a more sophisticated and detailed 
evaluation of coronary interventions. The clinical use of 
this new imaging modality in the setting of noninvesti- 
gational interventions remains to be determined. Al- 
though quantitation of postintervention lumen dimen- 
sions may have limitations, the qualitative abilities of 
IVUS should improve the understanding of the acute 
results and therapeutic impact of new interventional de- 
vices when compared with conventional PTCA. 
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Usefulness of Morphologic Parameters in 
Predicting the Outcome of Coronary Excimer 
Laser Angioplasty 


Andreas Baumbach, MD, Karl K. Haase, MD, and Karl R. Karsch, MD 


The treatmen: of complex coronary lesions with 
conventional balloon angioplasty is associated 
with a reduced success rate and an increased in- 
cidence of complications. To evaluate the influ- 
ence of lesion morphology on the outcome of cor- 
onary excimer laser angioplasty, morphologic 
parameters ci 148 target lesions in 147 consec- 
utive patients were determined. Morphologic 
analysis incl-ded target vessel, involved vessel 
segment, ves=el diameter, minimal lumen diame- 
ter, length of “he lesion, single discret (concen- 
tric/eccentric} or complex lesions (occlusions, bi- 
furcational, tandem or long segmental lesions), 
American Co lege of Cardiology/American Heart 
Association Task Force classification, lesion lo- 
cation in curved or straight vessel segments, 
prestenotic vessel tortuosity and the direction of 
the laser app-pach in curved vessels with eccen- 
tric lesions. Failure of laser angioplasty occurred 
in 17 patients because of failed guidewire place- 
ment (n = 8), catheter placement (n = 6), or in- 
ability to pass the lesion with the laser catheter 
(n = 3). Successful stand-alone laser angioplasty 
was achieved n 68 procedures. In G3 interven- 
tions additional balloon angioplasty was neces- 
sary (n = 60) ər stand-alone laser angioplasty 
was not successful (n = 3). 

The frequency of complex lesions, particularly 
total occlusions (p <0.001) and prestenotic ves- 
sel tortuosity p = 0.002) was significantly in- 
creased in the group with failed laser attempts. 
Statistical analysis of the morphologic parame- 
ters in succesful stand-alone laser interventions 
compared with combined or unsuccessful inter- 
ventions revealed no significant difference. 
These data suzgest that failure of laser angio- 
plasty occurs because of low catheter flexibility 
and the need Por guidewire support in treating 
totally occluded vessels. Furthermore, once the 
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catheter has reached the target, lesion morphol- 
ogy seems to be of minor importance for the suc- 
cess of stand-alone coronary excimer laser angi- 
oplasty. 

(Am J Cardiol 1991;68:1310-—1315) 


alternative or adjunct to balloon angioplasty for 

treatment of obstructive coronary lesions. De- 
spite the rapid technological progress and improvement 
of the primary success rates, the acute and long-term 
results have not shown advantages compared with bal- 
loon dilatation.!-? However, it is conceivable that be- 
cause of the different mechanisms of stenosis reduction, 
there may be advantages in this method that are corre- 
lated to specific clinical and morphologic parameters. 
Coronary excimer laser angioplasty is still in the early 
phase of clinical evaluation. Although the number of 
patients treated is limited, exact analysis of the avail- 
able data is neccessary to determine future strategies. 
This study addresses the correlation of morphologic pa- 
rameters of the target vessel to the outcome of coronary 
excimer laser angioplasty. 


E xcimer laser angioplasty was developed as an 


METHODS 

Patients: The data of 148 procedures of coronary 
excimer laser angioplasty in 147 patients (123 men and 
24 women, mean age 57 + 9 years) were analyzed. All 
patients had been previously selected for percutane- 
ous transluminal coronary angioplasty on the basis of 
symptoms and angiographic findings. All patients had 
given informed consent to participate in the laser study 
protocol which had been approved by the local ethical 
committee. Medication consisted of long-term treat- 
ment with acetylsalicylic acid (100 to 500 mg) in all 
patients, and a combination of calcium antagonists, ni- 
trates and 8 blockers according to the clinical course. 
The clinical state according to the Canadian Cardiovas- 
cular Society functional classification4 was class I in 8 
patients, class II in 69 patients, class III in 53 patients 
and class IV in 17 patients. One- 2- and 3-vessel dis- 
ease was present in 92, 37 and 18 patients, consecutive- 
ly. The target vessel was the left anterior descending 
artery in 103 interventions, the left circumflex artery in 
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TABLE I Procedural Parameters of Coronary Excimer Laser 
Angioplasty* 


Number of Patients 


61-100 


60 ns 
3/2 sec. 


1—60 101-147 


60 ns 
Operator- 
dependent 
Prototype 1.4 1.3/1.5/1.8 1.3/1.5/1.8 
20/30/35 20/30/35 
43 +14 67 + 19 
117 + 72 51 4 27 


115 ns 
3/2 sec. 


Pulse width 
Irradiation/intermission 


Catheters (mm) 

No. of fibers (100 pn) 20 

Energy fluence (mJ/mm2) 30+ 5 

Mean time of laser energy 123 + 65 
delivery (sec.) 


*Xenon-chioride excimer laser wavelength 308 nm; repetition rate 20 Hz. 





13 interventions and the nght coronary artery in 32 
procedures. Excimer laser angioplasty was performed 
using a commercially available xenon-chloride excimer 
laser (Max 10, Technolas Inc., Munich, Germany) 
that emitted light at a wavelength of 308 nm at a repe- 
tition rate of 20 Hz. In the first 60 consecutive patients 
a 1.4 mm catheter was used; for treatment of the fol- 
lowing patients we used improved catheters of 1.3, 1.5 
and 1.8 mm diameter. In the first 100 consecutive pa- 
tients the pulse width was 60 ns, which was then subse- 
quently prolonged to 115 ns. The interventional and la- 
ser parameters are listed in Table I. 

Angioplasty was performed by the transfemoral ap- 
proach. Heparin 10,000 U, were administered intraar- 
terially. A 9Fr guiding catheter was placed in the osti- 
um of the target vessel and the lesion was visualized 
after intracoronary application of 0.1 mg nitroglycerin. 
The laser catheter was advanced over a 0.014-inch flex- 
ible guidewire that had been placed in the distal vessel. 
After the laser catheter was placed at the proximal 
edge of the stenosis, energy application was started and 
the catheter was advanced, applying only moderate 
pressure on the device. Laser energy application was 
also performed during slow withdrawal of the catheter. 
The size of the improved catheters was selected accord- 
ing to the prestenotic vessel diameter and stenosis sever- 
ity that was analyzed in the previous diagnostic coro- 
nary angiogram. After each passage of the laser cathe- 
ter, control angiography was performed to examine the 
result of ablation. If control angiography after the laser 
passage revealed a residual lesion of >50% and use of a 
larger-sized laser catheter was expected to be technical- 
ly possible, the laser catheters were changed. Criteria to 
stop laser angioplasty were: (1) a reduction of percent 
luminal diameter stenosis to <50%; (2) no further im- 
provement of the result after the last laser irradiation 
cycle; and (3) severe vasospasm (reduction in luminal 
diameter with vessel occlusion or reduced anterograde 
flow of contrast medium) or vessel occlusion due to dis- 
section or thrombus formation. Additional balloon an- 
gioplasty was performed to improve an unsatisfactory 


TABLE II Morphologic Criteria 


Target vessel 

Involved vessel segment 
Prestenotic lumen diameter 
Minimal lumen diameter 

Length of the lesion 

ACC/AHA Task Force classification 
Single discrete/complex lesion 
Concentric/eccentric lesion 
Tandem stenosis 

Long segmental lesion 

Total occlusion 

Sifurcational lesion 

_ocation in vessel curve 
Prestenotic vessel tortuosity 
Lasing direction in curved segments 


ACC/AHA = American College of Cardiclogy/American Heart Association. 
















result or to resolve vessel occlusion. After the final irra- 
diation period or the last balloon inflation, vessel paten- 
cy was controlled by repeat angiograms within 20 min- 
utes. The patients were monitored in the coronary care 
unit for 24 hours. An early follow-up angiogram of the 
target vessel was routinely performed within 24 hours 
after the intervention. 

The outcome of laser angioplasty was classified as 
“failure,” “successful stand-alone laser angioplasty,” or 
“unsuccessful stand-alone laser angioplasty.” Failure of 
the intervention was defined as an angioplasty attempt 
that did not result in a reduction of lesion severity. Suc- 
cess of angioplasty was defined as a reduction of lesion 
severity to a residual stenosis <50%. In the group clas- 
sified as unsuccessful stand-alone laser angioplasty, all 
combined laser and balloon angioplasties and stand- 
alone laser angioplasties with residual stenosis severity 
> 50% were included. 

Morphologic analysis: All preinterventional coro- 
nary angiograms were retrospectively analyzed by a 
consensus of 2 experienced observers. Quantitative 
analysis of the prestenotic vessel diameter, minimal lu- 
men diameter and length of the stenosis was performed 
with a millimeter ruler after tracing the magnified tar- 
get vessel on transparent paper. Only end-diastolic cine 
frames were used. The 9Fr guiding catheter was used 
for calibration of the measurement. 

The morphologic criteria used for analysis of the 
target lesion are listed in Table II. Involved segments 
were defined to be in the proximal, mid- or distal third 
of the vessel. The prestenotic vessel diameter was mea- 
sured as lumen diameter of the lesion-free vessel at the 
proximal edge of the stenosis. Minimal lumen diameter 
of the stenosis was measured in the projection that 
showed the highest degree of stenosis. Length of the 
stenosis was defined as the distance between 2 points of 
the diseased segment, beginning and ending, where the 
lumen was reduced by 20%.° All lesions were classified 
as A, B1, B2 or C according to the American College 


MORPHOLOGIC PARAMETERS IN LASER ANGIOPLASTY 1311 


of Cardiology, American Heart Association Task Force 
classification asing the modification of Ellis et al.” Sin- 
gle discrete leSons were defined as lesions <15 mm in 
length®; they were additionally classified as concentric 
(symmetric luminal narrowing in two angiographic pro- 
jections) or eccentric lesions (asymmetric luminal nar- 
rowing in at kast 1 angiographic projection). Complex 
lesions were &her longer or tandem lesions (sequence 
of 2 significant stenoses), long segmental lesions (lesion 
involving a vessel segment with luminal narrowing of 
> 20 mm), totz! occlusions (Thrombolysis in Myocardi- 
al Infarction t~al flow grade 0,? at least 1-month old by 
clinical and a2@iographic findings) or bifurcational le- 
sions (branch ssel of medium or large size originating 
within the stenosis and being completely surrounded by 
significant stem dtic portions of the lesion to be treated).® 
Criterion for Ecation in a curved vessel was the angle 
between 2 certerlines through the lumen, from the 
middle of the =enosis to points 5 cm proximal and dis- 
tal to the stenasis, drawn and measured on the magni- 
fied copy. An angle of >45° indicated a curved vessel. 
Prestenotic vessel tortuosity was defined as >2 bends in 
the prestenotic vessel. The lasing direction in curves was 
assessed for eccentric lesions in curved vessels. It was 
classified as d:-ectional if the laser catheter and laser 
beam headed me lesion and nondirectional if the laser 
catheter headex the opposite vessel wall (see Figure 1). 

Statistical enalysis: All data were entered in the 
Statistical Analysis System system for data analysis 
(SAS Institute Inc., Cary, North Carolina). The fre- 
quency of mo=hologic parameters was compared for 
the patient grep in which a laser attempt failed and 
the groups wit laser ablation in order to reveal predic- 
tors for failure: The frequency of morphologic parame- 
ters was compared for patients with successful and un- 
successful stamc-alone laser angioplasty to find predic- 
tors for stand-adone laser success. Univariate as well as 
multivariate analysis was performed. The univariate 
analysis for qualitative parameters was performed using 
the chi-square Est for expected counts >5 and Fisher’s 
exact test for e:pected counts <5. Quantitative param- 


Suidewire 


directional 


non~direct toasl 


FIGURE 1. Nondi-ectional and directional approach of the la- 
ser catheter in carved vessel segments with eccentric lesions. 





eters were compared using the U-test.!° A p value 
<0.05 was considered statistically significant. 


RESULTS 

Outcome of laser angioplasty: It was not possible to 
place the guidewire in 8 patients, to reach the lesion 
with the laser catheter in 6 patients, or to pass the ste- 
nosis with the catheter in 3 patients. These 17 interven- 
tions are summarized in the failure group. A reduction 
of the target lesion by laser angioplasty could be 
achieved in 131 coronary arteries. Stand-alone laser an- 
gioplasty was successful in 68 procedures. The mean 
percent stenosis in this group was reduced from 73 + 
12 to 31 + 14%. Additional balloon angioplasty was 
neccessary because of an unsatisfactory result (n = 27) 
or owing to complications (n = 33) in 60 patients. The 
interventions resulted in a reduction in stenosis severity 
from 78 + 12% to 25 + 15%. In 1 additional patient a 
myocardial infarction occurred after stand-alone laser 
angioplasty and 2 patients had stand-alone laser angio- 
plasty that was initially estimated to be sufficient but 
did not fulfill the criteria for successful angioplasty us- 
ing the quantitative analysis. These 63 procedures are 
summarized in the third group of “not successful stand- 
alone laser angioplasty.” 

Predictors for failure: The rate for failure in these 
148 interventions was 11%. According to the American 
College of Cardiology/American Heart Association 
Task Force classification using the modification of Ellis 
et al,’ there were 19 type A, 26 type B1, 91 type B2 
and 12 type C lesions. Failure of angioplasty occurred 
in no type A, I type Bl, 15 type B2, and 1 type C 
lesion (p <0.05 for A + B1 vs B2 + C lesions). Of all 
148 target lesions, 52 were classified as complex lesions 
(35%). In 13 of these stenoses laser angioplasty failed 
(25%). The frequency of complex lesions was signifi- 
cantly increased in the failure group (p <0.001). A to- 
tal number of 15 occlusions had been selected for laser 
angioplasty (10%); the intervention failed in 7 patients 
(47%; p <0.001). Laser angioplasty was attempted in 
15 patients with long segmental lesions (10%) and was 
unsuccessful 4 times (27%). The frequency of long seg- 
mental lesions showed no significant difference between 
the failure group and interventions with laser ablation 
(p = 0.07). In 17 target vessels the lesion to be treated 
was a bifurcational lesion (11%); the intervention failed 
in 2 cases (11%). Thus, the incidence of failure in these 
target lesions is identical with the overall failure rate. 
Prestenotic vessel tortuosity was present in 10 patients 
(7%). Failure of the intervention occurred in 5 of these 
patients (50%; p = 0.002). The details of all failed laser 
attempts are listed in Table III. 

Predictors for successful stand-alone laser angio- 
plasty: In 131 interventions, laser ablation was per- 
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TABLE II] Failure of Laser Angioplasty 


1 
2 
3 
4 
5 
6 
7 
8 
9 


A U UW m Ne fh GO DO PO RD ww fe G Ww IN 


l-, 2-, 


or 3-Vessel 


Disease 


tes 


DS AO Re Ae Oe AS AO OND Ge es ee A 


Target 


Curve 
Curve 


Tortuosity 
Tortuosity 
Tortuosity 
Curve 
Curve 
Curve 
Curve 
Tortuosity 


Tortuosity 


Segment 


Proximal 
Proximal 
Proximal 
Proximal 
Mid 
Proximal 
Proximal 
Proximal 
Mid 
Proximal 
Proximal 
Mid 

Mid 

Mid 
Distal 
Mid 
Proximal 


Complex Lesion 


Occlusion 
Occlusion 
Occlusion 


Bifurcation 
Occlusion 


Long segmental 
Occlusion 
Long segmental 


Occlusion 
Long segmental 
Occlusion 


Bifurcation 


Failure 


Guidewire alacement 

No passage with catheter 
Guidewire slacement 
Catheter placement 
Catheter placement 
Guidewire placement 

No passage with catheter 
Catheter placement 
Guidewire placement 
Guidewire placement 
Guidewire placement 
Catheter placement 
Guidewire placement 
Catheter placement 
Guidewire placement 

No passage with catheter 
Catheter placement 


formed. Stand-alone laser angioplasty was successful in 
68 procedures (52%). Morphologic parameters in the 
groups with successful and unsuccessful stand-alone la- 
ser angioplasty and the results of the univariate analysis 
are listed in Table IV. There was no individual morpho- 
logic parameter that correlated with the outcome of la- 
ser angioplasty. Logistic regression analysis, performed 
for sex, age, extent of coronary artery disease, Canadi- 
an Cardiovascular Society functional class, target ves- 
sel, vessel diameter, lesion length, minimal himen diam- 
eter, occlusion, bifurcation, complex or discrete lesion 
and lesion type revealed no parameter that was signifi- 
cantly correlated to the outcome with regard to success- 
ful or unsuccessful stand-alone laser angioplasty. 

Successful stand-alone laser angioplasty was 
achieved in 23 of 55, 22 of 35 and 23 of 41 interven- 
tions in the 3 groups with different procedural parame- 
ters. For this analysis the failed laser attempts were ex- 
cluded. The analysis of the individual procedural pa- 
rameters showed a significantly lower frequency of 
successful stand-alone laser procedures (39 of 86) in 
interventions with an initial energy fluence <50 mJ/ 
mm? compared with procedures with an initial energy 
fluence =50 mJ/mm/2 (29 of 45; p <0.05). The fre- 
quency of successful stand-alone laser angioplasty was 
23 of 55 in procedures with the prototype catheters, 2 
of 5 with 1.3 mm, 16 of 27 with 1.5 mm and 27 of 44 
with the 1.8 mm catheter (p = not significant). No sig- 
nificant difference was found in patients treated with 
the identical catheter system and different pulse dura- 
tions (patients 61 to 100 [60 nanoseconds] versus pa- 
tients 101 to 147 [115 nanoseconds]) with regard to the 
stand-alone success rate of coronary excimer laser angi- 
oplasty. 





TABLE IV Predictors for Successful Stand-Alone Laser 
Angioplasty: Results of Statistical Analysis* 


Stand-Alone Laser Angioplasty 


Unsuccessful 
(n = 63) 


Successful 
(n = 68) 


LAD/LC/right 46/7/15 48/4/11 
Type A/B1/B2/C 10/12/39/7 9/13/37/4 
Discrete/complex lesions 45/23 47/16 
Curve/ straight 26/42 16/47 
Mid + distal/proximal 14/54 13/50 
segment 
Length of lesions 
(mean + SD) 
Lumen diameter 
(mean + SD) 
Minimal lumen diameter 
(mean + SD) 
Single discrete lesions 
Concentriz/eccentric 11/34 11/36 
Complex lesions 
Tandem lesions; other 2/66 3/60 
Long segmental le- 7/61 4/59 
sions/ather 
Occlusions/other 4/64 4/59 
Bifurcational lesions/ 11/57 5/58 
other 
Eccentric lesions in curves 
Directional/nondirec- 5/15 4/7 
tional 


72 +47mmn 7.9 +23.7 mm 


2.8 + 0.7mm 2.9+0.7mm 


0.8 + 0.3mm 0.7 + 0.4mm 


*Morphologic parameters in patients with successful and unsuccessful stand-alone 
laser angioplasty. 

LAD = left anterior descending; LC = left circumflex artery; NS = not significant; 
SD = standard deviaticn, 





DISCUSSION 

Morphologic parameters for successful, conven- 
tional balloon angioplasty have been previously ana- 
lyzed.™11-15 Throughout the years, the major reason for 
failure of balloon dilatation was the inability to cross 
the lesion either with the guidewire in chronic total oc- 
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clusions or t= reach or pass the lesion because of severe 
vessel tortuosty. However, unsuccessful angioplasty at- 
tempts decreased from initially reported rates between 
20 and 44%"-!3 to 3.7%!4 within a 10-year period of 
technical im>rovement and development of flexible, 
low-profile balloon catheters. In a recent publication, 
Ellis et al’ reported the correlation of stenosis morphol- 
ogy and the =utcome of percutaneous transluminal cor- 
onary angiop.asty in 1,100 angioplasty attempts in pa- 
tients with nultivessel disease. It was documented that 
procedural sizcess was dependent on the complexity of 
lesion morprology. Individual parameters were chronic 
total occlusica, vessel bending, excessive tortuosity and 
high-grade scsnosis severity. Eccentricity, in contradic- 
tion to previcas publications,!? had no influence on suc- 
cess of percuzaneous transluminal coronary angioplasty. 
The incidence of major complications is higher in pa- 
tients with fih-grade stenosis severity, complex mor- 
phology,!>-!© stenoses at points of vessel angulation!>!” 
and long stem2ses.!3 

In laser emgioplasty, fiberoptic catheter devices are 
used to transmitt the energy from the light source to 
the target site in the coronary artery. Device technology 
reached clinizal practicability 2 years ago but is still in 
progress. As :n the early years of balloon angioplasty, 
the catheters: ack flexibility and steerability. Therefore 
the analysis zf the failed laser attempts in this study 
reveals similar problems as described for the early expe- 
rience in bal eon angioplasty. Individual predictors for 
failure were p-estenotic vessel tortuosity and chronic to- 
tal occlusion. These data suggest that failure of laser 
angioplasty is (1) a problem of low flexibility of the 
catheter devices, and (2) due to the requirement of 
guidewire support for safe coaxial advancement in 
treating totally occluded vessels. 

There was.no morphologic parameter that correlat- 
ed with a hsher rate of successful stand-alone laser 
angioplasty. “he reason for the independence of the an- 
gioplasty reset in regard to lesion morphology in our 
study group ~2mains to be clarified. This might be ex- 
plained in pa-t by the different mechanism of lesion 
reduction by laser ablation in comparison to conven- 
tional balloor dilatation. With excimer laser energy, in- 
travascular amerosclerotic tissue is removed by trans- 
formation from the solid to the plasma phase rather 
than being ccmpressed and disrupted. It has been sug- 
gested that ti results in a reduction in vessel injury at 
the site of the intervention.!®!? This may also explain 
that success o excimer laser angioplasty was indepen- 
dent of the eccentricity or concentricity of the lesion 
since cathete- size in most patients could be selected 
according to the vessel diameter. However, success of 
stand-alone ler angioplasty requires not only suffi- 
cient stenosis “eduction, but also absence of complica- 
tions. The ccrsiderable incidence of thrombus forma- 
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tion, vasospasm and vessel occlusion after laser angio- 
plasty frequently required additional balloon treatment. 
This results in a considerable number of unsuccessful 
stand-alone interventions despite initially successful 
plaque ablation. However, success rate of stand-alone 
laser angioplasty in complex lesions, such as long le- 
sions and bifurcational lesions, was comparable to sin- 
gle discrete lesions. Thus, once the catheter reaches the 
lesion and ablation of the plaque is possible, there is no 
morphologic parameter that goes along with reduced 
efficacy or increased risk of complications. This is in 
contrast to the experience in balloon angioplasty. The 
use of laser systems could therefore provide a viable 
alternative in the primary treatment of target lesions, 
which are associated with lower success rates and high- 
er incidence of complications using conventional balloon 
angioplasty. The results of this morphologic analysis 
suggest that laser angioplasty of long segmental lesions 
and bifurcational lesions should be recommended for 
controlled prospective clinical studies. 

This study is limited by the low frequency of some 
parameters that reduce the statistical power of the 
analysis in these subgroups, e.g., the group of eccentric 
lesions in vessel curves. Furthermore, laser angioplasty 
is under constant progress, and our study population 
reflects a heterogenous group with regard to laser and 
catheter technique as well as investigator experience. It 
has been documented that increasing energy fluence to- 
gether with the use of improved catheters resulted in 
improved rates of successful stand-alone procedures; it 
is conceivable that with increasing efficacy of tissue ab- 
lation and further improvement of catheter technology, 
the success rate will be further improved. The limita- 
tions of the present single-center study underline the 
need for large scale registrations of the clinical results 
of coronary excimer laser angioplasty. 
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Early and Late Results of Coronary Angioplasty 
and Bypass in Octogenarians 


Matthew J. Mick, MD, Conrad Simpfendorfer, MD, Anita Z. Arnold, Do, 
Marion Piedmonte, MA, and Bruce W. Lytle, MD 


Early and ite results were evaluated for octoge-_ . 


narians undergoing first time revascularization 
with percu:aneous transluminal coronary angio- 
plasty (PTGA) or coronary artery bypass graft- 
ing (CABG: The study group consisted of 142 
patients with CABG and 53 with PTCA. The 
groups with PTCA and CABG differed with re- 
spect to number of patients with angina class Ill 
to IV (92 ard 67%, respectively; p <0.001), 
number with 3-vessel disease (34 and 77%, re- 
spectively; p <0.001), presence of left main 
trunk disezse (2 and 24%, respectively; p 
<0.001) and number with normal or mildly im- 
paired left »entricular function (82 and 65%, re- 
spectively; p <0.034). The groups with PTCA 
and CABG had similar procedural complications, 
including nzyocardial infarction (6 and 4%, re- 
spectively) and stroke (0 and 4%, respectively). 
Hospital martality was low (6% with CABG and 
2% with P'FCA). Three year survival, excluding 
hospital me-tality, was 87% in patients with 
CABG and 31% in those with PTCA (p = 0.493), 
Octogenaréns underwent revascularization pro- 
cedures wi- relatively low morbidity and mortal- 
ity. In regard to the excellent long-term survival, 
“very” elderly patients with severe coronary ar- 
tery disease should be considered for revascular- 
ization despite advanced age. 

(Am J Cardiol 1991;68:1316-1320) 
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mated 1.1%/year over the next 20 years.! As 

the number of elderly patients with symptomat- 
ic coronary artery disease increases, revascularization 
procedures will become more frequent. Reports have 
shown acceptable primary success rates for percutane- 
ous transluminal coronary angioplasty (PTCA) and 
coronary artery bypass grafting (CABG) in patients 
aged >80 years.*-? However, few studies have docu- 
mented long-term results in those patients and, to our 
knowledge, there has been only 1 study that compared 
the 2 treatment strategies.°!° To identify the optimal 
revascularization therapy in the very elderly, we com- 
pared the early and late results for PTCA and CABG 
performed at our institution in patients aged >80 years. 


T he elderly population will increase by an esti- 


METHODS 

We reviewed the medical records of all patients 
aged >80 years who underwent first time coronary re- 
vascularization at our institution between January 1982 
and December 1989. Patients with acute ischemic 
events or concomitant valvular surgery were excluded. 
The study population consisted of 142 patients with 
CABG and 53 with PTCA. The choice of therapy was 
not randomized. 

From each patient’s record we documented the 
presence or absence of previous myocardial infarction, 
the functional class of angina at the time of revascular- 
ization, the presence of unstable angina and concomi- 
tant conditions (including diabetes, hypertension and 
smoking), and any history of cerebral vascular acci- 
dents. Coronary angiography documented the extent of 
disease in all patients. Left ventricular function (deter- 
mined from ventriculography or echocardiography) was 
graded as normal or as having mild, moderate or severe 
dysfunction. 

Definitions of measured variables: Angina pectoris 
was graded according to the Canadian Cardiovascular 
Society guidelines.'! Unstable angina was defined as 
new onset (within 8 weeks) or progressive angina, or 
angina at rest. Significant coronary artery stenosis was 
defined as 250% narrowing in luminal diameter. For 
patients undergoing PTCA, angiographic success was 
defined as =20% reduction of stenosis, with residual 
stenosis <50%. Clinical success was defined as angio- 
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Characteristic 


Sex 
Men 
Women 
Age (yrs) 
Systemic hypertension 
Diabetes mellitus 
Peripheral vascular dis- 
ease 
History of smoking 
Previous myocardial in- 
farction 
Unstable angina 
Angina ciass 
CCS1 
CCS2 
CCS3 
CCS4 
Extent of disease 
1 vessel 
2 vessel 
3 vessel 
Left ventricular function 
Normal 
Mild dysfunction 
Moderate dysfunction 
Severe dysfunction 


CABG 
n(%) 


87 (61) 
55 (39) 
82 +2 
75 (53) 
26 (18) 
AO (28) 


58 (41) 
69 (49) 


85 (60) 


10 (7) 

36 (25) 
90 (35) 
46 (32) 


3 (2) 
29 (20) 
110 (77) 


93 (37) 
40 (28) 
34 (24) 
15 (11) 


PTCA 
n{%) 


28 (53) 
25 (47) 
82 +2 
31 (58) 
11 (21) 
19 (36) 


17 (32) 
23 (43) 


30 (57) 


0 (0) 
4 (8) 
15 (28) 
34 (64) 


11 (21) 
23 (43) 
18 (34) 


25 (47) 

18 (34) 
6 (11) 
4 (8) 


TABLE I Clinical Characteristics of 195 Octogenarians 
Undergoing Coronary Revascularization 


p Value 


<0.001ł 


*Groups 1 and 2 vs 3 and 4; fgroups 1 and 2 vs 3. 
CABG = coronary artery bypass grafting; CCS = Canadian Cardiovascular Society; 
NS = not significant; PTCA = percutaneous transluminal coronary angioplasty. 





graphic success in the absence of in-hospital mortality, 
myocardial infarction or CABG.'? Clinical success in 
patients with multivessel or multilesion disease was de- 
fined as successful dilation of the most severe lesion 
without major complications. 

A diagnosis of postoperative myocardial infarction 
required 2 of the following 3 criteria: (1) presence of 
new Q waves on electrocardiogram after surgery; (2) 
increase after surgery in serum creatinine kinase-MB 
level to >100 IU /liter; or (3) increase after surgery 
in aspartate aminotransferase level to >100 IU /liter 
in presence of normal alanine aminotransferase level. 
Hospital mortality was defined as death occurring with- 
in 30 days of surgery or during the same hospitaliza- 
tion. 

Evaluation of long-term results: Evaluation of long- 
term results was achieved by direct or telephone contact 
with patients or immediate relatives. A standard ques- 
tionnaire was completed on all surviving patients that 
included specific questions regarding anginal symptoms 
and activity level. 

Statistical analysis: Group comparisons of categori- 
cal variables were performed using either the chi-square 
or Fischer’s exact test, as appropriate, and ¢ tests were 
used for continuous measures. Values are mean + stan- 
dard deviation. A p value <0.05 was considered signifi- 


TABLE II Procedural Variables for 195 Octogenarians 
Undergoing Coranary Revascularization 


Procedure n (%) 


CABG 
No. of arteries bypassed 
5 (4) 

21 (15) 
77 (54) 
39 (27) 
44 (31) 
18+ 12 


internal mammary artery graft 
Hospital stay (days) 
PTCA 
No. of arteries dilated 
30 (57) 
18 (34) 
5 (9) 


27 (51) 
18 (34) 
8 (15) 
Primary success 
Angiographic 82/87 194%) 
Clinical 45/53 (85%) 
Hospital stay (days) 9+8 


Abbreviations as in Table |. 


TABLE Ili Complications for 195 Octogenarians Undergoing 
Coronary Revascularization 


CABG PTCA 
Event n (%) n (%) 


Stroke 5 (4) 0 (0) 
Q-wave myocarcial infarc- 5 (4) 3 (6) 
tion 
Death 8 (6) 1 (2) 
Renal failure 2 (1) 2 (41 
Sepsis 4 (3) 0 (01 
Transfusion 112 (79) 10 (19) 
Vascular complications 3 (2) 2 (43 


p Value 


Abbreviations as in Table i. 





cant. Survival time was estimated by the method of 
Kaplan and Meier.!? Survival distributions were com- 
pared using the log-rank test. 


RESULTS 

Baseline characteristics: The baseline characteris- 
tics of both groups are listed in Table I. The groups 
were similar in regard to age, sex, and presence of un- 
stable angina and related medical illnesses, but differed 
in functional class, extent of disease, and left ventricular 
function. 

Results and complications of revascularization: Re- 
sults of intervention are listed in Table II. The majority 
of surgical patients underwent multivessel bypass. In 
the group with PTCA, intervention was usually limited 
to the culprit lesion. Hospital stays were longer for pa- 
tients with CABG than with PTCA (18 + 12 and 9 + 
8 days, respectively). 
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TABLE IV Læ- Results and Symptomatic Status for 195 
Octogenarians Jndergoing Coronary Revascularization 


CABG PTCA 
n{(%) n (%) 


16 (11) 8 (15} 









p Value 











Cardiac deatt 











Myocardial ire. rction 1 (1) 2 (4) NS 
Coronary angecplasty 1 (1) 2 (4) NS 
Coronary bypass 0 4 (8) <0.005 
Status of chest pain 

Same 3 (3) 13 (28) 

Better 101 (93) 33 (72) 

Worse 4 (4) 0 (0) 





Abbreviations as" Table. 


The complications for both groups are listed in Ta- 
ble III. Five patients with CABG had cerebral vascular 
accidents. Tk-ee of these patients had mild transient 
neurologic dysfunction and 2 had severe disabilities (1 
died in the hospital and the other was discharged to an 
extended case facility). None of the patients with 
PTCA sufferad neurologic complications. Five patients 
with CABG zad a new Q-wave myocardial infarction. 
An additiona. 6 patients met enzyme criteria for infarc- 
tion as previcasly outlined in Methods. Three patients 
with PTCA Fad new Q-wave infarctions. The incidence 
of periprocedral deaths, renal failure and sepsis was 
not statistical ~ different between the 2 groups. Surgical 
patients had = greater number of transfusions, which 
was expected given the age of the patients. Vascular 
complications >ccurred in 2 patients with PTCA (pseu- 
doaneurysms at entry site needing surgical repair) and 
in 2 with CA=G (deep venous thrombosis). In addition, 
] surgical pa-ænt had a hematoma of the thigh at the 
vein harvest &e that required surgical drainage. Hospi- 
tal mortality vas low (6% with CABG and 2% with 
PTCA). 

Long-term results: Excluding hospital deaths, mean 
time to follow-up was 40 months (range 0.5 to 88) in 
the group wit- CABG and 26 months (range 1.4 to 79) 
with PTCA. Incidence of cardiac events and status at 


PERCENT SURVIVAL 


0 12 


PATENTS PTCA 42 
AT SK CABG 120 


MONTHS 
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follow-up are listed in Table IV. There was no statisti- 
cal difference in the number of patients having subse- 
quent myocardial infarction, PTCA or cardiac death 
during follow-up. Four patients with PTCA underwent 
CABG for recurrence of symptoms. Symptomatic sta- 
tus at follow-up was similar between the 2 groups. The 
majority of patients reported an improvement in their 
symptoms regardless of the means of revascularization. 
There was no difference in overall survival between the 
2 groups at 36 months. Figure 1 illustrates overall sur- 
vival excluding hospital mortality. Ten of the 27 (34%) 
late deaths in the group with CABG were noncardiac. 
Similar results were seen in the group with PTCA, with 
4 of 13 (31%) late deaths being noncardiac. With car- 
diac death, myocardial infarction or CABG as end 
points, there was no statistical difference in event-free 
survival between the 2 groups. Figure 2 shows event- 
free survival at 36 months excluding hospital mortality. 


DISCUSSION 

Only recently have studies begun to address PTCA 
and CABG in octogenarians. This subject will become 
increasingly important as the general population ages 
and as a greater percentage of “very” elderly patients 
undergo coronary revascularization. Loop et al!4 docu- 
mented the progressive increase in elderly patients un- 
dergoing surgical revascularization over the last decade. 
Ongoing trials are evaluating the relative merits of 
PTCA and CABG. However, these trials exclude pa- 
tients aged >80 years. To determine an optimal treat- 
ment strategy for this age group, we compared immedi- 
ate and long-term results of PTCA and CABG in pa- 
tients aged >80 years undergoing first time coronary 
revascularization. 

Revascularization of elderly patients may be compli- 
cated by a high incidence of extensive coronary artery 
disease. Kowalchuk et al!> assessed angiographic find- 
ings in octogenarians presenting with symptoms of cor- 
onary artery disease and found 3-vessel and left main 


P = 0.493 


FIGURE 1. Survival of octogenarians after 
coronary revascularization (excluding hos- 
pital mortality). CABG = coronary artery 
bypass grafting; PTCA = percutaneous 
transluminal coronary angioplasty. 
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TABLE V Summary of Isolated Coronary Revascularization in Octogenarians 


Functional Class 
il-IV Angina (%) 


LMT or 3-Vessel 
Disease (%) 


PTCA 
Jeroudi et al? 
Kern et al? 
Little et al? 
Rich et ai4 
Good et al29 
Braunstein et alt 
CABG 
Mullany et allê 
Ware etali? 
Kowaichuk et al? 


Khan et al® 4.7 
24 (@90 days) 
Braunstain et al+® 10 


Edmunds et al18 


*Excluding hospital mortality. 
LMT = teft main trunk; other abbreviations as in Table 1. 


disease in 70% of patients. Other studies confirm the 
high prevalence of 3-vessel disease in octogenarians re- 
ferred for therapy.*-”!© Extensive coronary artery dis- 
ease not only influences a patient’s suitability for revas- 
cularization, but also results in selection bias for the 
type of procedure performed. Patients with 3-vessel or 
left main trunk disease, or poor left ventricular function 
are more likely to be referred for CABG. Indeed, we 
found that the octogenarians undergoing CABG in our 
series had a higher incidence of 3-vessel and left main 
trunk diseases, along with worse left ventricular func- 
tion compared with those undergoing PTCA. This se- 
lection bias makes direct comparison of the 2 groups 
difficult. However, despite their worse status before 
surgery, survival in patients with CABG was the same 
as that in those with PTCA. 

Significant morbidity, including myocardial infarc- 
tion and stroke, is more frequent in elderly patients af- 
ter coronary revascularization. This must be taken into 
account when referring elderly patients for therapy. Up 
to 5% of elderly patients can be expected to have myo- 


FIGURE 2. Survival of octogenarians after 
coronary revascularization (free of cardiac 
death, myocardial infarction or coronary 
artery bypass grafting [CABG] [excluding 
hospital mortality]). PTCA = percutaneous 
transluminal coronary angioplasty. 


PERCENT EVENT-FREE 


PATIENTS PTCA 39 
AT RISK 


Hospital 
Mortality (%) 








Functional Class 
tor I at Follow-Up (%) 


Long-Term Survival 
{time to follow-up) 


Hospital 
Stay (days) 


80% (3 yrs) 

Not determined 
88% (1 yr)* 
91% (11 mos) 
75% (2 yrs) 
83% (18.8 mos) 


71% {5 yrs) 

66% (5 yrs) 

81% (25 mos)* 
65% (5 yrs)* 
88% (40.9 mos)* 
83% (18.8 mos) 


cardial infarction or stroke after surgery.4%!" In our 
series, no patient with PTCA had a cerebral vascular 
accident, and only 2 of the surgical patients had persis- 
tent neurologic deficits. The incidence of myocardial in- 
farction was also low (4% with CABG and 6% with 
PTCA). These findings suggest that contrary to earlier 
reports, selected octogenarians can undergo revascular- 
ization with a relatively low risk of morbidity. 

Table V summarizes the results of previous studies 
of isolated coronary revascularization in octogenarians. 
In most cases, patients had severe coronary disease and 
functional class III to IV angina. Hospital mortality 
ranged from 0 to 24%. Variability in reported mortality 
may be due, in part, to differences in patient popula- 
tions. Typically, hospital mortality is approximately 5 
to 10% in octogenarians. Several risk factors have been 
shown to increase operative mortality in elderly pa- 
tients, including: increasing age;!4 female sex;!4 unsta- 
ble angina;!® diabetes;!’ smoking!*; and worsening left 
ventricular function or functional class.8!718 The stud- 
ies listed in Table V show similar hospital mortality 


MONTHS 


CABG 119 
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irrespective o` the type of revascularization. Hospital 
mortality in car series (2% with PTCA and 6% with 
CABG) compares favorably with the studies listed. 

In our patiznts, overall survival at 3 years was ap- 
proximately 8% whether revascularized with PTCA or 
CABG. Average life expectancy for 80-year-old men 
and women is 5.9 and 8.8 years, respectively.!? At least 
1 other study has shown near normal survival for octo- 
genarians after surgery.!4 Approximately one third of 
late deaths in roth groups were noncardiac, presumably 
a reflection o* the high frequency of concomitant ill- 
nesses. The most frequent cause of noncardiac death 
was malignancy. 

In additior to long-term survival, symptomatic sta- 
tus after surge-y is also important. Typical indexes of 
functional statas, such as number of patients returning 
to employmert, may not be applicable in the very el- 
derly. Previous studies, including those listed in Table 
V, have documented marked improvement in angina 
functional class after surgery.27!6!8.20 With angina as 
an endpoint, the majority of our patients reported im- 
provement in heir symptoms after revascularization. 

Conclusion: We found that both PTCA and CABG 
in octogenariars resulted in low hospital mortality, ef- 
fective relief o symptoms, and excellent long-term sur- 
vival. Octogen=rians with severe coronary artery disease 
and advanced symptoms should be considered for re- 
vascularization despite advanced age. 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 





Effects of Increased Heart Rate and 
Sympathetic Tone on Intraventricular 
Electrogram Morphology 


Cynthia J. Finelli, MSE, Lorenzo A. DiCarlo, MD, Janice M. Jenkins, PhD, 
Stuart A. Winston, DO, and Pai-Chi Li, MSE 


Electrogram pattern recognition by way of mor- 
phologic analysis has been proposed as a tech- 
nique that may improve discrimination of ven- 
tricular tachycardia from sinus rhythm by anti- 
tachycardia devices. The potential impact that 
increases in heart rate and sympathetic tone 
could have on such techniques, however, has not 
been previously determined. A comparative 
study was undertaken to quantify possible 
changes in ventricular electrogram morphology 
using correlation waveform, area of difference, 
and amplitude analyses in 6 patients during atri- 
al overdrive pacing at cycle lengths of 600 and 
400 ms (group A), in 13 patients during infu- 
sions of physiologic doses of epinephrine (group 
B), and in 20 patients undergoing infusions of 
isoproterenol (group C). Four patients were in 
both groups A and B. A bipolar intraventricular 
template of cardiac depolarization during sinus 
rhythm at rest was compared with depolariza- 
tion during subsequent passages of sinus rhythm 
at rest and subsequently increased heart rate. 

In 36 of 39 patients, waveform configuration 
as assessed by correlation waveform analysis re- 
mained relatively stable during atrial overdrive 
pacing, epinephrine infusion, and isoproterenol 
infusion when compared with sinus rhythm at 
rest. The correlation value did not fall below 
0.950 in any patient. Area of difference values 
for the same 36 patients changed by an average 
of 6 and 37% during atrial overdrive pacing at 
cycle lengths of 600 and 400 ms intervals, re- 
spectively, by 3% during epinephrine infusion, 
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and by 17% during isoproterenol infusion. In 
these same patients, there was an average 
change in electrogram amplitude of —1% during 
atrial overdrive pacing at 600 ms, 26% during 
pacing at 400 ms, —1% during epinephrine infu- 
sion, and 12% during isoproterenol infusion. 

Little or no correlation was found between 
relative changes of amplitude and changes of 
correlation coefficient during any intervention. 
However, changes in amplitude and changes in 
area of difference exhibited weak to moderate 
correlation during infusion of epinephrine and 
isoproterenol. Despite some amplitude variation, 
overall waveform morphology remains relatively 
constant during increases in heart rate with or 
without concurrent changes in sympathetic tone. 
These findings suggest that heart rate increases 
are unlikely to confound time-domain detection 
schemes used in antitachycardia devices. 

(Am J Cardiol 1991;68:1321~—1328) 


electrograms have been proposed for arrhyth- 

mia detection by antitachycardia devices. Such 
methods include rate onset and stability,! multichannel 
timing analysis,2~4 gradient pattern detection,° analy- 
sis of arrhythmia frequency spectra,” ? area of differ- 
ence,!®!! and correlation waveform analysis.!*-!? How- 
ever, with the exception of preliminary investigations by 
Paul!® and Rosenheck!? and their co-workers in hu- 
mans, and Tomaselli et al?? in dogs, most studies to 
date have been performed on electrocardiographic sig- 
nals recorded from patients in a resting state. Whether 
the results of waveform analysis techniques designed to 
recognize abnormal! ventricular activation might be af- 
fected by increases in heart rate alone or by accelera- 
tions in heart rate due to changes in sympathetic tone 
has not been determined with certainty. This study ex- 
amined the effects on intraventricular electrogram mor- 
phology caused by (1) increases in heart rate alone dur- 
ing atrial overdrive pacing, and (2) changes in heart 
rate and sympathetic tone due to intravenous infusions 
of either a 8 or a combined a and ĝ agonist. 


A variety of methods for analyzing intracardiac 
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METHODS 

Patient group: Thirty-five patients were entered into 
this study after giving informed consent and were cate- 
gorized into 3 groups. Group A included 6 patients (3 
women agec 40 + 16 years and 3 men aged 49 + 18 
years) studizd during atrial overdrive pacing rates of 
100 beats/nan (600 ms intervals) and 150 beats/min 
(400 ms intervals). Group B consisted of 13 patients (4 
from group A and 9 additional) (5 women aged 44 + 
13 years and 8 men aged 50 + 14 years) undergoing 
epinephrine afusion. Group C was composed of 20 pa- 
tients (9 women aged 58 + 16 years and 11 men aged 
51 + 16 years) studied during infusion of isoproterenol. 
No patient xas receiving antiarrhythmic drugs at the 
time of the slectrophysiologic study. Nineteen patients 
had no prior evidence of heart disease, 13 had coronary 
artery disease, | had a previous myocardial infarction, 
1 had mitra: valve prolapse and | had myotonic dys- 
trophy. 

Electroptsiology study: Patient data were acquired 
from bipolar electrode catheters with | cm interelec- 
trode spacing during elective cardiac electrophysiologic 
studies as described previously.!4 In the resting state, a 
12-lead elec-zocardiogram was recorded during sinus 
rhythm for Laseline measurement purposes. The pa- 
tient was than either stimulated with atrial overdrive 
pacing at a cycle length of 600 ms followed by pacing 
at intervals cf 400 ms (group A), treated with a physio- 
logic dose?! of an œ and @ agonist, epinephrine (50 
ng/kg/min) (group B), or given a clinical infusion?” of 
a pure 8 agcaist, isoproterenol (2 ug/min) (group C). 

Electroca-diograms from 2 or 3 surface leads (from 
I, I, IH anc V,), a high right atrial lead, and a right 
ventricular acical lead were amplified through either a 
Siemens Mégograf-7 (Siemens-Elema, Solna, Swe- 
den) or a Honeywell Electronics-for-Medicine (Elec- 
tronics-for-M_2dicine, Pleasantville, New York) data 
amplifier. Eech channel was recorded with wide-band 
filter settings of 0.5 to 500 Hz (Siemens Mingograf-7) 
or 1 to 500 =z (Honeywell Electronics-for-Medicine), 
and outputs were connected to a Hewlett-Packard 
3968A FM zape recorder (Hewlett-Packard, San Die- 
go, California). Signals were recorded on magnetic tape 
at a speed of 3% inches/s with an effective bandwidth 
of 0 to 1,250 Hz. All recordings were obtained while 
patients were lying supine. 

intraventricular electrogram analysis: [ntraventric 
ular electrog-ams were digitized at a sampling rate of 
1,000 Hz usi a personal computer. Two separate pas- 
sages of sinus rhythm before clinical intervention were 
digitized; the-Zirst was used for template generation and 
the second fo- baseline analysis. Additional data were 
digitized from each pacing passage for group A pa- 
tients, from a passage during epinephrine infusion for 
group B patients, and from a passage during isoprotere 


nol infusion for group C patients. The length of each 
digitized passage varied from 10 to 30 seconds. 

The average cycle length of the control sinus 
rhythm passage and the passage during clinically accel- 
erated heart rate was determined for each patient. The 
average decrease in absolute cycle length for each 
group was evaluated by a 2-tailed, paired Student’s ¢ 
test, and a p value was derived to represent the overall 
significance of the decrease. 

To perform electrogram analysis and quantitate the 
similarity or dissimilarity between ventricular depolar- 
izations, an appropriate window of electrogram depo- 
larization for analysis was chosen for each patient. The 
window was selected from a typical depolarization of 
the first sinus rhythm passage and, in order to exclude 
acute injury current during repolarization, included 
ventricular depolarization only by beginning at the first 
deviation from baseline and ending at the first evidence 
of repolarization. The initial window size was imposed 
on all subsequent analysis for the same patient. 

A representative, signal-averaged template of the 
patient’s normal sinus rhythm was compared individ- 
ually with each ventricular depolarization of the second 
baseline passage of sinus rhythm using correlation 
waveform, area of difference, and amplitude analyses. 
Accurate alignment of the ventricular depolarization 
under analysis was effected by a sliding window meth- 
od!4 to compensate for misaligned trigger points. The 
template was then compared in a similar manner with 
every depolarization of the accelerated heart rate pas- 
sage. 

Correlation waveform analysis: The correlation co 
efficienti?" is a metric between + 1 which represents 
the morphologic similarity between 2 waveforms. It is a 
statistically based measure that is independent of am- 
plitude and baseline variations and measures only rela- 
tive shape differences between the template and the 
waveform being examined. This technique was used to 
compare the template depolarization with each depolar- 
ization from the control passage of sinus rhythm based 
on a previously published formula!® and correlation co- 
efficients were averaged to yield a mean + standard 
deviation (CWA:SR). The average + standard devi- 
ation of correlation coefficients for each passage during 
subsequent intervention (CWA:INT) was also comput- 
ed. Because correlation values of sinus rhythm were 
consistently high and approached 1, we defined the per- 
cent change of correlation coefficient from the control 
sinus rhythm passage to the passage during intervention 
(A:CWA) according to the following formula: 


CWA:INT — CWA:SR 
CWA':SR 


Area of difference analysis: Area of difference!®!! 
directly measures the absolute amplitude difference be- 


A:CWA = x 100%. 
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E 


CWA:SR 


0.996 + 0.003 
0.994 + 0.001 
0.998 + 0.001 
0.997 + 0.001 
0.988 + 0.007 
0.994 + 0.001 


CWA:600 


0.995 + 0,003 
0.993 + 0.001 
0.994 + 0.003 
0.996 + 0.002 
0.989 + 0.013 
0.988 + 0.004 


TABLE I Results of Morphologic Analysis of Atrial Overdrive Pacing at 600 ms intervals 
A0D:600 AMP:SR 


AMP:600 
(%) (%) 


mœ Re + tO et 


H RG OR 
Ob rH fo 


AMP:SR = average amplitude during sinus rhythm; AMP:600 = average amplitude during atrial overdrive pacing at cycle length of 600 ms; AOD:SR = average area of difference 
during sinus rhythm; AOD:600 = average area of difference during pacing at 600 ms; CWA:SR = average correlation coefficient during sinus rhythm; CWA:600 = average correlation 
coefficient during pacing at 600 ms; A:AMP = change in peak-to-peak amplitude; A:AOD = change in area of difference; A:CWA = change in correlation coefficient. 


TABLE Il Results of Morphologic Analysis of Atrial Overdrive Pacing at 400 ms Intervals 
AOD:400 AMP;SR 


CWA:SR 


0.996 + 0.003 
0.994 + 0.001 
0.998 + 0.001 
0.997 + 0.001 
0.988 + 0.007 
0.994 + 0.001 


CWA:400 


0.979 + 0.004 
0.995 + 0.001 
0.987 + 0.005 
0.988 + 0.002 
0.952 + 0.007 
0.981 + 0.006 


AMP:400 


tL SN O PM 


Hit Hin HOH 


AMP:400 = average amplitude during atrial overdrive pacing at cycle length of 400 ms; AOD:400 = average arez of difference during pacing at 400 ms; CWA:400 = average 


correlation coefficient during pacing at 400 ms; other abbreviations as in Tabie Í. 


tween associated sample points of the template and the 
waveform under analysis and is dependent on fluctua- 
tions in amplitude and baseline. To eliminate the effects 
of direct-current offset, a variation on this formulation 
that normalizes the absolute area of difference by the 
total area of the template has been derived.!® With use 
of this format, the area of difference was computed be- 
tween the template depolarization and each depolariza- 
tion of both the control passage of sinus rhythm and 
that during subsequent intervention, and these values 
were averaged to yield a mean + standard deviation for 
each passage (AOD:SR and AOD:INT). The percent 
change of the area of difference from the control pas- 
sage of sinus rhythm to the passage during intervention 
(A:AOD) was calculated as follows: 


A:AOD = AOD:INT — AOD:SR 


Amplitude analysis: The difference in peak-to-peak 
electrogram amplitude due to intervention was also an- 
alyzed for each patient. The absolute peak-to-peak am- 
plitude of the template depolarization (PPtmp) and 
each depolarization of the baseline sinus rhythm pas- 
sage (PPdep) was determined, and a normalized value 
representing the difference of amplitude between these 
depolarizations (AMPdep) was calculated as follows: 


PP sp — PP on 
AMP) = —“G5™ X 100%. 


enp 

The normalized difference of amplitude values for 
all depolarizations of the baseline sinus rhythm passage 
were averaged to yield a mean + standard deviation for 





the passage (AMP:SR). The average + standard devi- 
ation of the difference of amplitude during subsequent 
intervention (AMP:INT) was computed similarly. Fi- 
nally, the percent change of normalized difference of 
amplitude from the control passage of sinus rhythm to 
the passage during intervention (A:AMP) was calculat- 
ed as follows: 


A: AMP = AMP:INT — AMP:SR 


Scatter diagrams: Scatter diagrams of (1) the 
change of amplitude versus the change of correlation 
coefficient, and (2) the change of amplitude versus the 
change of area of difference were plotted for each inter- 
vention. When a linear probabilistic model was deemed 
appropriate (i.e, when the points tended to cluster 
about a straight line and when 210 data points were 
available), linear regression analysis? was used to ob- 
tain an equation of the estimated regression line. In 
each case, the change in amplitude was chosen to be 
the independent variable, and a best fit line to the data 
and the corresponding sample correlation coefficient, r, 
were determined. 


RESULTS 

Data from correlation waveform, area of difference 
and amplitude analyses during atrial overdrive pacing, 
infusions of epinephrine, and infusions of isoproterenol 
are summarized in Tables I to IV and are illustrated 
for 3 patients in Figures 1 to 3. The width of the depo- 
larization analysis window for the 35 patients of this 
study ranged from 29 to 100 ms (mean 51.2 + 14.8). 


HEART RATE AND INTRAVENTRICULAR ELECTROGRAMS 1323 


Cycle length: The sinus rhythm cycle length for 
group A patients was 765 + 99 ms. Atrial overdrive 
pacing at G0 ms intervals decreased the cycle length 
by 161 ms 'p <0.02) and pacing at 400 ms intervals 


TABLE IH Fesults of Morphologic Analysis of Epinephrine Infusion 


~.996 + 0.003 
2999 = 0,001 
—992 + 0,005 
—994 + 0.005 
—996 + 0.001 
—994 + 0.001 
—993 + 0,002 
—998 + 0.002 
—982 + 0.012 
—997 + 0.001 
— 996 + 0.002 
= 994 + 0.003 
3982 + 0.011 


CWA:EP! 


0.996 + 0.003 
0.998 + 0.001 
0.983 + 0.006 
0.983 + 0.007 
0.980 + 0.003 
0.990 + 0.002 
0.989 + 0.001 
0.993 + 0.004 
0.982 + 0.009 
0.997 + 0.001 
0.975 + 0.009 
0.982 + 0.008 
0.890 + 0.018 


AOD:EPI 
(%) 


decreased the cycle length by 363 ms (p <0.0005). 
Epinephrine infusion decreased the mean sinus rhythm 
cycle length of 773 + 138 ms for group B patients by 
88 ms (p <0.005), and isoproterenol infusion decreased 


AMP:SR AMP:EP! A:CWA A:AOD A:AMP 
(%) (%) (%) (%) 


os 


— 


OO W tke Or GH Or Re Ee p 
$> 


+H HH Hh RH OW OW OH OE OH Ot 


| 


*This patient h-c a paradoxical change of correlation coefficient and is not included in the statistical analyses. 
AMP: EPI = avesage amplitude during epinephrine infusion; AOD:EP! = average area of difference during epinephrine infusion; CWA:EPI = average correlation coefficient during 
epinephrine infuse; other abbreviations as in Table |. 


TABLE IV R2sults of Morphologic Analysis of Isoproterenol Infusion 


CVA:SR 


C395 + 0,003 
C397 + 0.002 
C396 + 0.022 
C396 + 0.002 
C396 + 0.002 
C396 + 0.003 
C395 + 0.003 
C396 + 0.002 
C267 + 0.012 
C398 + 0.002 
C397 + 0.002 
C397 + 0.002 
C396 + 0.001 
C390 + 0.003 
C396 + 0.002 
C396 + 0.004 
C390 + 0.005 
C395 + 0.002 
C368 + 0.012 
392 + 0.004 


CWA:ISO 


0.967 + 0.030 
0.994 + 0.005 
0.973 + 0.015 
0.997 + 0.001 
0.991 + 0.002 
0.995 + 0.003 
0.975 + 0.002 
0.997 + 0.001 
0.953 + 0,007 
0.981 + 0.016 
0.997 + 0.001 
0.996 + 0.002 
0.996 + 0.002 
0.962 + 0.009 
0.993 + 0.002 
0.996 + 0.002 
0.961 + 0.039 
0.994 + 0.002 
0.759 + 0.003 
0.786 + 0.009 


AOD:ISO 
(%) 


AMP:SR AMP:1SO0 A:CWA A:AQOD A:AMP 
(%) (%) (%) 


*These patientstad paradoxical changes in correlation coefficients and were not included in the statistical analyses. i 
AMP:IS0 = aveæzge amplitude during isoproterenol infusion; AOD:ISO = average area of difference during isoproterenol infusion; CWA:JSO = average correlation coefficient during 
isoproterenol infus=cn; other abbreviations as in Table |. 





FIGURE 1. Electrograms from patient 6 during atrial overdrive pacing at rates of 600 and 400 ms. A signal-averaged intraven- 
tricular depolarization is shown from a passage during (a) sinus rhythm for template construction, (b) a subsequent control pas- 
sage of sinus miythm, (c) pacing at 600 ms, and (d) pacing at 400 ms. The figures are plotted at a paper speed of 200 mm/s 
with a gain of 200 mV/mm. The 51 ms analysis window of electrogram depolarization is marked by vertical bars on the original 
180 ms window. Although the change in correlation coefficient was small during pacing at both 600 and 400 ms (—0.1 and 
+0.1%), large-changes in area of difference (—11 and +1490) and amplitude (+14 and +50%) occurred. 
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the sinus rhythm cycle length of 797 + 151 ms for 
group C patients by 231 ms tp <0.0001). With the 
exception of 1 patient (no. 13) no consistent relation- 
ship could be found between the change in cycle length 
due to any intervention and the change of correlation 
coefficient, area of difference, cr amplitude of the elec- 
trogram. 

Correlation waveform analysis: For 6 of 6 group A 
patients (100%), the change in correlation coefficient 
during pacing at 600 ms intervals ranged from —0.6 to 
+0.1% and averaged —0.2%. During pacing at a cycle 
length of 400 ms, the change in correlation coefficient 
ranged from —3.6 to +0.1% aad averaged —1.4%. 

The change in correlation coefficient for 12 of 13 
patients (92%) during epinephzine infusion (group B) 
ranged from —2.1 to 0% and averaged —0.7%. A large, 
unexplained change of correlétion coefficient (9.4%) 
was seen in 1 patient (no. 13). 

The change in correlation coefficient for 18 of 20 
patients (90%) during isoproterenol infusion (group C) 
ranged from —2.8 to +0.1% and averaged ~1.0%. 
Two group C patients (nos. 32 and 33) had a paradoxi- 
cal change of correlation coefficient of —20.8 and 
—21.6%. 

Area of difference analysis: For patients in group 
A, the change of area of difference during atrial over- 
drive pacing at a cycle length of 600 ms ranged from 
—11 to +27% and averaged +6%. Pacing at a cycle 


length of 400 ms produced a change in area of differ- 
ence that ranged from +14 to +70% and averaged 
+37%. 

For the 12 of 13 group B patients with stable cor- 
relation coefficients during epinephrine infusion, the 
change in area of difference ranged from —23 to +17% 
and averaged +3%. 

For the 18 of 20 group C patients with stable corre- 
lation coefficients during isoproterenol infusion, the 
change in area of difference ranged from —3 to +44% 
and averaged +17%. 

Amplitude analysis: The change in amplitude for 
group A patients during atrial overdrive pacing at a 
cycle length of 600 ms ranged from —13 to +14% and 
averaged —1%. The change in amplitude during pacing 
at a cycle length of 400 ms ranged from +6 to +50% 
and averaged +26%. 

For the 12 patients from group B with stable cor- 
relation coefficients during epinephrine infusion, the 
change in amplitude ranged from —16 to +9% and 
averaged —1%. 

For the 18 group C patients with stable correlation 
coefficients during isoproterenol infusion, the change in 
amplitude ranged from —5 to +56% and averaged 
+12%. 

Scatter diagrams: Figures 4 and 5 illustrate the 
scatter plots of change of amplitude versus change of 
correlation coefficient and change of amplitude versus 





FIGURE 2. Electrograms from patiznt 9 during infusion of epinephrine. A signal-averaged intraventricular depolarization is 
shown from (a) passage of sinus rhythm for template construction, (6) a subsequent control passage of sinus rhythm, and (c) 


passage during epinephrine infusion. The figures are plotted at a paper speed of 200 mm/s with a gain of 50 mV,‘mm. The 53 
ms analysis window of electrogram depolarization is marked on the original 180 ms window. This patient had no change in cor- 
relation coefficient. However, changes in area of difference (~-23%>) and amplitude (16%) during epinephrine infusion occurred. 





FIGURE 3. Electrograms from patint 26 during isoproterenol infusion. A signal-averaged intraventricular depolarization is 
shown from (a) passage of sinus rtwthm for template construction, (b) a subsequent control passage of sinus rhythm, and (c) the 
passage during isoproterenol infusion. The figures are plotted at a paper speed of 200 mm/s with a gain of 75 mV/mm. The 52 
ms analysis window of electrogram depolarization is marked on the original 180 ms window. Although no change of correlation 
coefficient occurred, a large change in area of difference (+33) and amplitude (+565) during isoproterenol infusion occurred. 
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change of rea of difference for the 36 patients with 
stable corre.ation coefficients during each intervention. 
Patients with paradoxical changes in correlation coeffi- 
cient (nos. 13, 32 and 33) were not included in the 
analysis. Fo: both figures, the data points for pacing at 
intervals of 600 and 400 ms are not clustered and are 
too few for linear regression to be appropriate. How- 
ever, a tighter clustering of data is evident during infu- 
sions of ermephrine and isoproterenol, and results of 
linear regrsssion analysis are included in these dia- 
grams. Wriereas changes in amplitude and correlation 
coefficient zere only weakly correlated during both in- 
fusion of =pinephrine (r = 0.187) and isoproterenol 
(r = 0.2177 the change in amplitude and the change in 
area of diffzrence were moderately correlated during 


Delta: AMP vs. Delta:CWA 
Pacing at 600 ms intervals 


Delta: AMP vs. Delta: CWA 
Infusions of Epinephrine 


= -0.68+ 1.68e-2x R = 0.187 


infusion of epinephrine (r = 0.649) and weakly corre- 
lated during infusion of isoproterenol (r = 0.292). 


DISCUSSION 

Correlation waveform analysis remains stable dur- 
ing interventional increases in heart rate, whereas the 
area of difference is less stable and exhibits moderate 
fluctuations associated with amplitude changes (Fig- 
ures | to 3). Overall waveform morphology remains 
relatively constant (despite some amplitude variation) 
during increases in heart rate with or without concur- 
rent changes in sympathetic tone. Therefore, it may be 
anticipated that a sophisticated scheme of pattern rec- 
ognition, using a template-based system of arrhythmia 
identification and regular updating of the sinus rhythm 


Delta: AMP vs. Delta: CWA 
Pacing at 400 ms intervals 


Delta: AMP vs. Delta: CWA 
Infusions of Isoproterenol 


= - 1.18 + 1.82e-2x R=0.217 





FIGURE 4. Scatter diagrams of the change in amplitude (Delta:AMP) versus the change of correlation coefficient (Delta:CWA) 
during (a) atral overdrive pacing at a cycle length of 600 ms, (b) pacing at a cycle length of 400 ms, (c) epinephrine infusion, 
and (d) isoprcterenol infusion. Panels (c) and (d) include linear regression analysis. 
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template, should not be confounded by increases in 
heart rate during sinus rhythm. 

Results of 3 patients undergoing pharmacologic in- 
tervention, 1 during epinephrine (no 13) and 2 during 
isoproterenol (nos. 32 and 33) administration, were 
widely divergent from most patients evaluated in this 
study. The morphologic changes noted in these pa- 
tients, as assessed by the 12-lead electrocardiogram, 
were not due to paroxysmal development of an intra- 
ventricular conduction delay (such as bundle branch 
block) during drug infusions. Because passive intracar- 
diac electrode leads were used, and because baseline 
sinus rhythm passages after excretion of exogenously 
administered drugs were not reconfirmed for stability of 
electrode location, catheter movement cannot be ex- 


Delta: AMP vs. Deita:AOD 
Pacing at 600 ms intervals 





Delta: AMP vs. Delta: AOD 
Infusion of Epinephrine 


75 . 
y = 3.76+0.79x R= 0.649 





cluded as a potential cause of the observed changes. For 
these reasons, we purposely excluded these 3 patients 
from our statistical analysis and conclusions because of 
the ambiguity they posed. 

Correlation waveform analysis: Although this study 
indicated that correlation waveform analysis remains 
stable in the presence of accelerated heart rate, other 
investigators have shown contradictory results. Paul et 
al!8 demonstrated large changes in electrogram mor- 
phology using correlation waveform analysis in a small 
number of patients during changes in body position. As 
in the current study, Paul also used a passive electrode 
catheter, and although data were obtained immediately 
after exercise, electrograms were not recorded after 
complete recovery to confirm whether a close correla- 


Delta: AMP vs. Delta:AOD 
Pacing at 400 ms intervals 


75 





5 
< 
E 
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Delta:AMP vs, Delta:AOD 
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FIGURE 5. Scatter diagrams of the change in amplitude (Delta:AMP) versus the change in area of difference (Delia: AOD) during 
(a) atrial overdrive pacing at a cycle length of 600 ms, (6) pacing at a cycle length of 400 ms, (c) epinephrine infusion, and (d) 
isoproterenol infusion. Panels (c) and (d) include linear regression analysis. 
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tion with t original sinus rhythm template remained. 
Therefore, as with the 3 patients in the current study, 
catheter mizration cannot be excluded as a cause for 
their observ2d results. 

Area oi difference analysis: In the present study 
moderate “wuctuations in area of difference that oc- 
curred with interventional increases in heart rate were 
noted. The, may not necessarily prove troublesome to 
template-mætching schemes, because the range of area 
of difference values obtained during accelerated heart 
rate passages is similar to that previously reported for 
sinus rhythan at rest.'0!5 The findings of this study 
therefore suzgest that accelerated heart rate may not 
confound thz ability of this technique of analysis to dif- 
ferentiate ventricular tachycardia from sinus rhythm. 

Amplituce analysis: Although changes in amplitude 
due to increased heart rate have been demonstrated 
in previous. studies,!?*425 controversy exists concern- 
ing the value of electrogram amplitude in detecting di- 
verse dysriethmias.!0!1,26-28 The present study mea- 
sured peak-"o-peak amplitude changes on raw, unfil- 
tered data. The observed effects of atrial overdrive 
pacing at fest cycle lengths and of isoproterenol admin- 
istration on electrogram amplitude in the present study 
are compat ble with those of Rosenheck et al.!? How- 
ever, they ported amplitude increases during atrial 
overdrive pecing at 400 ms intervals and during 8 
agonism caused by isoproterenol administration as seen 
on a high-pass filtered version of the signal. As a result, 
their study <onsisted of analysis of the derivative of the 
intracardiac signal, rather than the signal itself. 

Studies `e date concerning time-domain analysis of 
intracardiac electrograms have been hampered by ex- 
perimental smitations such as passive electrode leads, 
lack of confirmation of electrode migration, and use of 
artificial int2-vention to simulate physiologic changes in 
heart rate. Despite these limitations, the importances of 
the present study are twofold: (1) Amplitude changes, 
as seen in the presence of accelerated heart rate, are not 
necessarily éccompanied by significant changes in elec- 
trogram mcrphology as assessed by correlation wave- 
form or arez of difference analyses. (2) Electrogram 
morphologic analysis for the discrimination of ventricu- 
lar tachycancdia from sinus rhythm should remain ro- 
bust in the face of physiologically accelerated heart 
rate. 
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Role of Concealed and Supernormal Conductions 
During Atrial Fibrillation in the 
Preexcitation Syndrome 


Peng-Sheng Chen, MD, and Eric N. Prystowsky, MD 


The hypothesis that retrograde concealed and 
anterograde supernormal conductions over the 
accessory pathway are determinants of antero- 
grade accessory pathway conduction during atri- 
al fibrillation (AF) was prospectively tested. For 
17 patients during AF, 90 + 13 (mean + stan- 
dard deviation) consecutive beats were analyzed 
for morphology and VV interval preceding each 
QRS complex. In 15 patients with both preexcit- 
ed and normal QRS complexes, after normal 
complexes, the cycle length preceding the first 
preexcited QRS complex was 389 + 69 ms, 
which was longer than the average cycle length 
of consecutive preexcited complexes (325 + 55 
ms; p = 0.001). The mean difference was 61 + 
53 ms. After preexcited QRS complexes, the cy- 
cle length preceding the first normal QRS com- 
plex averaged 423 + 65 ms, which was signifi- 
cantly longer than the average cycle length of 
345 + 47 ms between consecutively conducted 
normal QRS complexes (p <0.001). The mean 
difference was 86 + 45 ms. These findings sug- 
gest retrograde concealed conduction of normal- 
ly conducted QRS complexes to the accessory 
pathway can affect anterograde conduction over 
the accessory pathway, and vice versa. In 2 pa- 
tients with multiple accessory pathways, 1 ac- 
cessory pathway conducted only after short pre- 
ceding cycle lengths (355 to 360 and 181 to 
185 ms), which was consistent with supernormal 
conduction. In conclusion, retrograde concealed 
conduction to the accessory pathway and antero- 
grade supernormal accessory pathway conduc- 
tion are factors that, in part, determine accesso- 
ry pathway conduction during AF. 

(Am J Cardiol 1991;68:1329-—1334) 
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pathway conduction during atrial fibrillation 
(AF): accessory pathway refractoriness!; con- 
cealed conduction?-*; supernormal conduction**; and 


T here are =4 factors that may affect accessory 


- irregularity of the atrial input to the accessory path- 


way.’ The ability of concealed and supernormal con- 
ductions to influence anterograde conduction over the 
accessory pathway during AF has not been studied in 
detail. Evidence to support a role for concealed conduc- 
tion is the occurrence of consecutive runs of normal 
QRS complexes interspersed between runs of preexcit- 
ed QRS complexes.* One could postulate that repetitive 
retrograde conduction into the normal atrioventricular 
(AV) conduction system after activation of the ventricle 
over the accessory pathway could yield a series of 
preexcited QRS complexes, and a run of normal QRS 
complexes could occur along with retrograde conceal- 
ment in the accessory pathway after activation of the 
ventricle over the normal conducting system. If this is 
true, then the ventricular cycle length at the transition 
from the first to the second QRS morphology should be 
longer than the average ventricular cycle length of the 
second QRS morphology to allow time to recover from 
the effects of concealed conduction. Regarding super- 
normality, if an accessory pathway conducts only dur- 
ing the supernormal period, then the preceding cycle 
length closed by the appearance of this accessory path- 
way should be confined to a “phase” of supernormal- 
ity,>° rather than varying according to the atrial input. 
To test these hypotheses, we prospectively analyzed the 
morphology and preceding cycle lengths of each QRS 
complex during AF in 17 patients with preexcitation 
syndrome who had AF induced during electrophysio- 
logic study. We found data to support concealed and 
supernormal conductions as important factors in acces- 
sory pathway conduction during AF. 


METHODS 

Patients with preexcitation syndrome undergoing 
electrophysiologic study at our institution between May 
1987 and May 1988 were prospectively investigated. In 
all, 17 patients fulfilled the following entrance criteria 
and were included in the study: (1) AF lasted long 
enough to have =60 QRS complexes available for 
analysis; and (2) intraoperative epicardial or endocardi- 
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TABLE I Pavient Characteristics 


No. of Accessory Pathways 


No. of pts. 
Men/women 
History of syn==pe 
Clinical atrial 
fibrillation 
Shortest preex ted 
RR interval! ms) 
Accessory pata vay 
ERP 
Total complexe ana- 
lyzed 
Narrow QRE 
Wide QRS 
Preexcitee! 3y 
dominat AP 
Preexcitec 3y 
other A 


201 + 25 (158-234) 208 + 24 (167-240) 
249 + 28 (215-290)* 250 + 20 (220-280) 
821 (average 91 + 11) 706 (average 88 + 15) 
103 (12.5%) 59 (8.4%) 
718 (87.5%) 592 (83.8%) 


O (0%) 55 (7.8%) 


*Not obtained y 1 patient owing to recurrent atrial fibrillation during the study. 
AP = accessor pathway; ERP = effective refractory period. 





al mapping studies, or both, to confirm the location of 
the accessor; pathway(s). 

Electroptysiologic evaluation: Written and in- 
formed consent was obtained before each study. The 
methods of =tudy of patients with preexcitation syn- 
drome at our institution have been previously described 
in detail.’ Ir brief, patients were studied in the postab- 
sorptive, norsedated state, and all antiarrhythmic medi- 
cations were discontinued for =5 drug half-lives. Five 
surface elect-ocardiographic (I, H, HI, V; and Vg.) and 
9 intracardiée leads were routinely recorded. Refracto- 
ry periods ead conduction characteristics of the AV 
node and the accessory pathway(s), as well as atria and 
ventricle, were obtained, and atrial mapping to locate 
the site of th= accessory pathway was performed during 
reentrant tachycardia and right ventricular pacing. AF 
was induced >y rapid atrial pacing if it did not occur 
spontaneous, during the course of the study. Data 
were simultazeously recorded on a TEAC XR-510 cas- 
sette data rezorder and written at 100 mm/sec using a 
Gould ES-10)0 16 channel recorder. 

Data analysis: After the study, the data were exam- 
ined to select a period during AF that had the most 
variations of YRS morphologies. Consecutive intervals 
were then measured between the ventricular activations 
recorded by “he right ventricular catheter. We chose to 
measure the */V rather than RR interval, because the 
beginning of zhe QRS complex may be indistinct and 
the peak of ne QRS complex may vary during AF, 
especially in zatients with multiple accessory pathways. 
For each pazent, the maximums, minimums, means 
and standarc deviations of the VV intervals between 
the transitiors from normal to preexcited QRS com- 
plexes and fram preexcited to normal QRS complex- 


es, and between consecutive normally conducted QRS 
complexes and between consecutive preexcited QRS 
complexes were obtained. T tests were used to compare 
the differences between the means.’ 


RESULTS 

There were 17 patients (12 men and 5 women) in- 
cluded in the study. An average of 90 + 13 (mean + 
standard deviation) QRS complexes were analyzed for 
each patient. Among the beats analyzed, 11% were 
nonpreexcited and 89% were preexcited complexes. 
Multiple accessory pathways were present in 8 patients. 
The other 9 patients had 1 accessory pathway, and 
none of these 9 had multiple wide QRS complex mor- 
phologies during AF. Characteristics of the patients are 
listed in Table I. 

Analysis of concealed conduction: Data that sup- 
port the presence of concealed retrograde conduction 
came from analysis of the results of the preceding cycle 
length and its relation to the anterograde QRS mor- 
phology in 15 patients with both normal and preexcited 
QRS complexes during AF. In patients with >1 preex- 
cited QRS morphology, only the dominant morphology 
was included. Figure 1 demonstrates these measure- 
ments during AF in a patient with a posteroseptal ac- 
cessory pathway. The wide QRS complexes (initial and 
last 3 beats) are preexcited. The narrow QRS complex- 
es (middle 8 beats) are not preexcited. The numbers 
below the QRS complexes represent the intervals be- 
tween consecutive right ventricular activations. The 
preceding cycle length of beat no. 2 is 220 ms, that of 
beat no. 3 is 190 ms, and so forth. Note that the VV 
intervals during the transitions from the preexcited to 
the normal complex and from the normal to the preex- 
cited complex were longer than other VV intervals on 
the same tracing. 

Fifteen patients with both normal and preexcited 
QRS complexes present during AF were included for 
analysis (Table II). Two patients were not included be- 
cause 1 of the pathways conducted only during the su- 
pernormal period. A total of 56 episodes were observed 
when nonpreexcited preceded preexcited QRS com- 
plexes, and 48 were identified when preexcited preced- 
ed nonpreexcited complexes. The interval between the 
transition from normal to preexcited QRS complexes 
averaged 389 + 69 ms, which was significantly longer 
than the average cycle length of 325 + 55 ms between 
consecutive preexcited QRS complexes in the same epi- 
sodes. Mean difference was 61 + 53 ms. However, 
these results did not imply that the VV intervals at 
transition were always longer than the maximal consec- 
utively preexcited VV intervals. On the contrary, in 13 
of 15 tracings =1 consecutively preexcited VV interval 
was longer than the minimal VV interval observed at 
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the transition from normal to preexcited complex in the 
same tracing. 

In 3 of 15 tracings, only 1 normally conducted beat 
was seen; therefore, measuring the VV interval between 
normally conducted beats was not possible. In the re- 
maining 12 tracings, the cycle lengths at transition 
from the preexcited to normal complex averaged 423 + 
65 ms, which was significantly longer than the average 
cycle length of 345 + 47 ms between consecutive nor- 
mally conducted complexes (Table II). Mean differ- 
ence was 86 + 45 ms. In 8 of 12 tracings, 21 consecu- 
tive normally conducted VV interval was longer than 
the minimal VV interval observed at the transition 
from preexcited to normal complex in the same tracing. 

Despite the statistically significant differences be- 
tween the preceding VV intervals at the transition from 
normal to preexcited complexes and those of preexcited 
complexes, exceptions were found in patients 4 and 12 
(Table II). In these 2 patients, we found a shorter pre- 
ceding cycle length at the transition from normal to 
preexcited QRS complexes than the average preceding 
cycle length of all preexcited complexes. Patient 4 had 
an intermediate septal pathway!® close to the AV node. 
Patient 12 had a posteroseptal pathway. The reason for 
these atypical findings is unknown. 

Evidence that supports supernormal conduction as 
a determinant factor of accessory pathway conduction: 
Supernormal conduction is best defined as propagation 
of an impulse that occurs at a time when the tissue 
would be expected to be refractory.” We observed this 


402 NMsS 


TABLE Il Preceding Cycle Lengths at Transition Between 
Preexcited and Nonpreexcited Complexes 


Average 

Dominant 
Preexcited AP 
to Normal Normal Location 


Patient Normal to 


Preexcited Preexcited 


525 439 520 447 
332 269 473 325 
385 291 al meam K 
305 343 373 345 
348 324 329 391 
391 241 el en K 
362 309 362 358 
295 261 384 318 
470 359 447 333 
423 380 383 333 
444 377 545 404 
347 370 442 375 
492 345 one mmama 
392 312 425 337 
323 260 391 269 
Mean + SD 389+ 69 325+55t 423+65 345+47ł 


*As only 1 normally conducted beat was observed, the average of the normal beats is 
not available for compar son. 

tp <0.001 compared with preceding cycle length at transition fram normal to 
Po complex; tp <0.00} compared with preceding cycle length at transition 
rom preexcited to normal complex. 

AP = accessory pathway; IS = intermediate septal; LF = left free wall; PS = 
posteroseptal; RF = right free wall; SD = standard deviation 





phenomenon during AF in 2 patients. Each of these 2 
patients had 2 accessory pathways with 2 morphologies 
of QRS complexes observed during AF. The dominant 
QRS morphologies were the ones that were most fre- 
quently observed during AF. The nondominant QRS 
morphologies occurred only with a preceding cycle 


400 msec 





FIGURE 1. Episode of atrial fibrillation observed in patient with posteroseptal accessory pathway. Surface electrocardiographic 
leads 1, II, HI, Vy and Ve, and right ventricular (RV), high right atrium (HRA), His bundle (HBE) and proximal coronary sinus 
(PCS) electrograms were simultaneously recorded. Numbers represent intervals between right ventricular electrograms in ms. 


See text for details. 
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length simile~ to or less than the shortest QRS com- 
plexes of the dominant morphology, and were associ- 
ated with na--ow ranges of preceding VV intervals that 
varied between 355 and 360 ms in patient 16 (Figure 
2), and 181 and 185 ms in patient 17 (Figure 3). This 
narrow range of VV intervals is compatible with super- 
normal cond sction.°.° 


DISCUSSION 

Major fin-zangs of the study: In this study we dem- 
onstrated that during AF, the transition from either the 
normal to prz=xcited or the preexcited to normal QRS 
complex was associated with longer VV intervals than 
the mean V™ intervals. Assuming the larger intervals 
were due soæly to retrograde concealment, which of 
course we can only hypothesize, retrograde conceal- 
ment prolonged the VV interval by 61 + 53 ms during 
the transitioa from normal to preexcited complexes, 
and by 86 +=5 ms during the transition from preexcit- 
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ed to normal complexes. These values represent in part 
the contribution of retrograde concealment on subse- 
quent AV conduction through the accessory pathway 
and AV node, respectively. The large standard devi- 
ation can be explained by the fact that the effects of 
retrograde concealment are determined not only by the 
timing of retrograde activation in the accessory path- 
way and AV node, but also by the timing of the atrial 
input in the accessory pathway and AV node. In addi- 
tion, repetitive anterograde concealment of atrial input 
to the accessory pathway and AV node may further 
influence the conduction over these pathways, resulting 
in large variations of the preceding cycle lengths. Obvi- 
ously, there are multiple mechanisms that determine 
whether anterograde conduction will occur over the 
normal system or accessory pathway, or both, and it is 
impossible to determine for any given beat the impor- 
tance of retrograde concealed conduction or other fac- 
tors that govern which system will be used for ante- 


FIGURE 2. Preceding VV intervals of con- 
secutive QRS complexes during atrial fi- 
brillation in patient 16. Note that at transi- 
tion of QRS complex morphologies from 
that associated with posteroseptal acces- 
sory pathway to normal QRS complex and 
from normal QRS complex to that associ- 
ated with posteroseptal accessory path- 
way, preceding cycle lengths are longer 
than average. Shorter than average VV in- 
tervals preceding complexes conducted 
through left lateral accessory pathway are 
compatible with supernormal conduction. 
LL = left lateral; PS = posteroseptal. 


@ PS 
O NORMAL 
A FUSION 
à LL 


FIGURE 3. Preceding VV interval of con- 
secutive QRS complexes during atrial fi- 
brillation in patient 17. No normally con- 
ducted QRS complexes present. Majority 
of QRS complexes are compatible with 
conduction over left lateral free wall acces- 
sory pathway. Two QRS complexes had 
morphology compatible with conduction 
over left pesterior free wall accessory 
pathway. These QRS complexes were ob- 
served only with short preceding cycle 
lengths, compatible with supernormal con- 
duction. LL = left lateral; LP = left poste- 
rior. 
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rograde conduction. Because multiple mechanisms are 
involved in accessory pathway conduction, the transi- 
tional VV intervals may not always be longer than the 
nontransitional VV intervals in individual tracings. 

Atrioventricular conduction during atrial fibrilla- 
tion: AF is associated with irregular ventricular 
responses in patients with and without accessory path- 
ways. The mechanism of the irregularity is not com- 
pletely understood. If the conduction is purely deter- 
mined by the refractory periods of the normal system 
and accessory pathway, then during AF, the ventricles 
should be activated shortly after each moment at which 
the respective conduction system becomes excitable. 
Because the frequency of stimuli applied to the AV 
node and accessory pathway is high, the cycle length 
variation should be small. However, this clearly is not 
what has been observed during AF. Experimental evi- 
dence demonstrates that anterograde concealed conduc- 
tion is also a factor that determines the conduction of 
the AV node.!!!2 In addition to AV node refractoriness 
and anterograde concealed conduction, the direction of 
atrial input to the AV node may also be a factor in 
determining AV conduction.!? 

The aforementioned studies!!-!3 were performed in 
patients or animals with conduction over the normal 
AV node-His Purkinje system. In patients with preexci- 
tation syndrome, there is >1 accessory pathway pres- 
ent. Thus, in addition to the above factors, an inter- 
action between the normal and abnormal pathways 
through retrograde concealed conduction may also be a 
factor that determines the ventricular response during 
AF. Although there are good data to support the hy- 
pothesis that retrograde concealed conduction is de- 
monstrable during regular rhythm,?~4 there is little evi- 
dence to support the claim that this factor is operative 
during AF. The data presented in this report are impor- 
tant because they lend support to the hypothesis that 
retrograde concealed conduction is an important factor 
that determines the anterograde accessory pathway 
conduction. 

Supernormal conduction: Supernormal conduction 
over an accessory pathway is a well-recognized phe- 
nomenon.*® In these reports, a “phase” of supernormal 
conduction was usually present. This phase is defined as 
a range of A-A; intervals resulting in conduction over 
the accessory pathway inside the refractory period of 
the latter.® In patients with manifest ventricular preex- 
citation, the supernormal phase can be demonstrated 
by progressively shortening the A,~Ay interval and ob- 
serving that the QRS complex after the A; is preexcit- 
ed with relatively long A;—A> intervals and nonpreex- 
cited with shorter intervals when the accessory pathway 
“effective refractory period” is reached, and that with 
further shortening of the A;—Az intervals there is recur- 
rence of ventricular preexcitation.> Because supernor- 


mality is demonstrable in various excitable tissue,'*+!¢ 
one might expect to observe this phenomenon in acces- 
sory pathways. 

In this study, 2 accessory pathways were found to 
conduct with short preceding VV intervals. There ap- 
peared to be a phase of supernormality of only 4 to 5 
ms duration. These findings are compatible with super- 
normal conduction over the accessory pathway dur- 
ing AF. 

Other possible causes of multiple morphologies ob- 
served during atrial fibrillation: Ventricular premature 
complexes and aberrant conduction can result in wide 
QRS complex beats resembling preexcitation. Without 
direct accessory pathway recordings, it 1s not possible to 
rule out this possibility completely. However, there are 
> 2 observations that strongly suggest that the different 
wide complex morphologies in patients 16 and 17 rep- 
resented conduction over 2 accessory pathways. First, 
the nondominant wide QRS complex morphology was 
consistent with a distinctive preexcited morphology.!7 
Second, at surgery, a second accessory pathway was 
identified that was located at the site predicted at 
electrophysiologic study. Further research of accesso- 
ry pathway conduction should use computerized map- 
ping techniques to demonstrate ventricular preexcita- 
tion over the second accessory pathway and to correlate 
conduction with preceding cycle lengths and atrial acti- 
vation proximal to the accessory pathwav. These stud- 
ies should help to identify the mechanisms that govern 
accessory pathway conduction during AF. 

Study limitation: One major limitation of this study 
is that these patients may not be representative of all 
patients with preexcitation syndrome. These patients 
were referred to surgery for symptomatic supraventric- 
ular arrhythmias and thus represent a highly selected 
patient cohort. There was a high proportion of multiple 
pathways. It is thus possible that the results of this 
study may be biased by the selection process. 

Clinical significance: The single most important 
prognostic indicator in patients with preexcitation syn- 
drome is the shortest preexcited RR interval during 
AF-.!8 Because of the imperfect correlation between the 
shortest preexcited RR interval and the anterograde ef- 
fective refractory periods of the accessory pathway,'® 
factors other than accessory pathway refractoriness 
probably contribute to conduction over the accessory 
pathway during AF and therefore alter the potential 
risk of these patients. In this report, we summarized 
our observations on accessory pathway conduction dur- 
ing AF in patients with preexcitation syndrome referred 
for surgical treatment. Although there was a significant 
correlation between accessory pathway refractoriness 
and the shortest RR interval during AF,! other factors 
such as retrograde concealment and supernormal con- 
duction are also important in determining accessory 
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pathway corxluction. The role of supernormality in un- 
covering an =therwise undetected accessory pathway is 
important if operative therapy is contemplated. 
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Superior Vena Cava Flow and Tricuspid Anular 

x Motion After Cardioversion of Atrial Fibrillation, 

and Role of Right Atrial Relaxation on 
Systolic Venous Return 


Hiroshi Ochi, MD, Shiro Izumi, MD, Rinji Murakami, MD, Toshio Shimada, MD, 
Shigefumi Morioka, MD, and Katsutoshi Moriyama, MD 


To determine whether atrial relaxation or systol- 
ic descent of the tricuspid anulus is the predomi- 
nant factor determining systolic venous return, 
22 patients with atrial fibrillation were studied. 
Venous return (i.e., superior vena cava (SVC) 
flow) was measured using pulsed Doppler echo- 
cardiography. Systolic descent of the tricuspid 
anulus (i.e., total excursion of tricuspid anulus 
during systole) was also measured using echo- 
cardiography. Serial examinations were per- 
formed before and after cardioversion of atrial 
fibrillation in 15 patients. In 11 patients, both 
the total excursion of the tricuspid anulus and 
SVC flow were examined in relation to the ratio 
of the preceding to the pre-preceding RR interval 
(R2/R1). Systolic forward flow of SVC increased 
as the ratio of late diastolic to total excursion of 
the tricuspid anulus (i.e., right atrial systolic 
function) increased. It correlated significantly 
with the ratio of late diastolic to total excursion 
of the tricuspid anulus but not with total excur- 
sion. Total excursion of the tricuspid anulus cor- 
related significantly with R2/R1, but systolic for- 
ward flow of SVC did not. These results indicate 
that atrial relaxation rather than systolic descent 
of the tricuspid anulus was the predominant fac- 
tor determining systolic forward flow in the SVC. 
(Am J Cardiol 1991;68:1335-—1339) 
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orward flow through the superior vena cava 

(SVC) is normally biphasic.! The first phase 

occurs during ventricular systole and the second 
during early diastole. Many investigators have studied 
the determinants of systolic forward flow of the vena 
cava.?-8 It has been reported that systolic descent of the 
tricuspid anulus or atrial relaxation, or both, can be 
major determinants of forward flow of the vena cava 
during systole. The role of systolic descent of the tricus- 
pid anulus on venous return has been emphasized by . 
several investigators,>-° whereas others have empha- 
sized the role of atrial relaxation.2”"8 Thus, the issue of 
which event is the predominant factor determining sys- 
tolic forward flow of venous return remains controver- 
sial. Atrial activity is absent in atrial fibrillation (AF), 
and although normal atrial electrical activities return 
immediately after successful cardioversion, effective 
atrial contraction may be absent or reduced for days 
after cardioversion.?-!* The present study is designed to. 
evaluate the relation between tricuspid anular motion 
and SVC flow before and after cardioversion of AF, 
and to determine whether systolic descent of tricuspid 
annular motion or atrial relaxation is the major deter- 
minant of systolic venous return. 


METHODS 

The study consisted of 22 consecutive patients (15 
men and 7 women, age range 23 to 84 years [average 
63]) with AF. Sixteen patients had lone AF, and 6 had 
underlying heart disease, including mitral (3 patients) 
and aortic (2) valvular diseases, and coronary artery 
disease (1). Two patients had slight dilatation of the 
left ventricle, but none had right ventricular hypertro- 
phy, dilatation of the right ventricle, or significant tri- 
cuspid regurgitation. The duration of AF before cardio- 
version ranged from 1 day to 16 months (average 3 
months). Nineteen age-matched subjects (11 men and 
8 women; age range 30 to 79 years [average 58]) with 
normal sinus rhythm, no history of heart disease, and 
no abnormalities of the heart by 2-dimensional echo- 
cardiography served as control subjects. 

Fifteen patients with AF underwent direct-current 
cardioversion or cardioversion by drugs. Synchronized 
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Tricuspid Annular 
Motion 





FIGURE 1. Sccematic diagram of superior vena cava (SVC) 
flow and tricusaid anular motion. AE = late diastolic excursion 
of the tricuspid annulus due to atrial contraction; DI = time ve- 
locity integral zf the diastolic wave; ECG = electrocardiogram; 
Peak D = peak velocity of the diastolic wave; Peak S = peak 
velocity of the xystolic wave; S] = time velocity integral of the 
systolic wave; TE = total excursion of the tricuspid anulus. 


TABLE I Doppler and Echocardiographic Parameters 


Superior vene sava flow 

Peak systo.i= velocity (cm/sec) 

Peak diastw! c velocity (cm/sec) 

Ratio of sy: lic to diastolic velocities 

Time-veloc-ty integral of systolic wave (cm) 

Time-veloc ty integral of diastolic wave (cm) 

Ratio of systolic to diastolic integral 
Tricuspid antler motion 

Total excurseon 

Late diastet excursion 

Ratio of latzctiastolic to total excursion (%) 
Tricuspid flov 

Ratio of ead~ to late diastolic velocities 


12.3 + 5.1* 
26.6 + 9.7* 
0.5 + 0.1* 
2.0 + 0.8* 
6.1 + 2,6* 
0.4 + 0.1* 


12.7 + 3.8* 


1 Hour 


21.6 + 6.4*+ 


shocks of 60 to 150 J successfully reverted AF to sinus 
rhythm. Doppler and M-mode echocardiography were 
performed before and 1 hour, 6 hours, 24 hours, 2 
days, 3 days and | week after cardioversion. The 
strength of ventricular contractions varies in the pres- 
ence of AF owing to relative changes in cycle length 
(i.e., the ratio of the preceding RR interval [R2] to the 
pre-preceding RR interval [R1]).!5!4 In 11 patients 
with AF, including 4 who underwent cardioversion, we 
examined the relation between total excursion of the 
tricuspid anulus during ventricular contraction and the 
R2/R1 ratio, as well as that between SVC flow pattern 
and the R2/R1 ratio. 

The equipment used was a real-time 2-dimensional 
Doppler flow imaging system (Toshiba SSH 65A) 
combined with a 2.5 and 3.5 MHz transducer. Doppler 
echocardiograms were recorded in the SVC and in the 
inflow tract of the right ventricle. SVC flow was re- 
corded from the supraclavicular approach, with sub- 
jects in the supine position. The sampling volume was 


After Cardioversion 


Control 


2 Days Subjects 


31.6 + 9,2*t§ 34.9 = 11.94§ 37.8 + 5.5 


20.8 + 9.5 
1.2 + 0.6*ł 
5.0 + 1.8*t 
4.2 + 2.2 
16+ 1.1* 


14.4 + 3.2* 
3.4 + 1,7* 
23.7 + 9,.3* 


0.7 + 0.31 


22.1 + 7.6 
1.6 + 0.7*ł 
7.1 + 2,2*||¢ 
4.6 + 2.2 
2.2 + 2.6*ł 


17.1 + 3.449 
5.3 + 2.2* 
30.3 + 8.5* 


0.7 + 0.29 


22.14 11,4 
1.7 + 0.4*ł 
8.6 + 2.44§ 
5.1 + 2.6 
1.9 + 0.79 


17.5 + 2.9% 
6.8 + 2,0§ 
31.2 + 8.1§ 


0.9 + 0.3§ 


18.5 + 6.4 
2.3+ 0.8 
8.7 + 1.7 
3.5+1.8 
3.0 + 1.3 


19.6 + 4.2 
8.3 + 2.1 
42.4+ 6.9 


0.9 + 0.2 


*p <0.01 vs coc tol data; tp <0.05 vs AF; dp <0.01 vs AF; §p <0.01 vs 1 hour after cardioversion; ip <0.05 vs 1 hour after cardioversion; fp <0.05 vs control data. 


AF = atrial fibrils gon. 


Cardioversion 





| Post thr. Post 24hr. Post 72hr. 


FIGURE 2. Serial superior vena cava flow 
velocity profiles (top) and echocardio- 
grams of tricuspid anular motion (bottom) 
from 1 patient. Note progressive increase 
in both peak systolic velocity of superior 
vena cava flow and late diastolic excursion 
of tricuspid anulus due to atrial contrac- 
tion. Af = atrial fibrillation. 
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positioned at the center of the SVC approximately 5 
cm under the transducer. Tricuspid flow was recorded 
with subjects in the left semilateral position. The sam- 
pling volume was positioned at the center of the tricus- 
pid anulus in a 4-chamber view. M-mode echocardio- 
grams were recorded with subjects in the semilateral 
position, Motion of the tricuspid anulus during 1 cardi- 
ac cycle was recorded with the M-mode cursor directed 
from the apical 4-chamber view. Doppler and M-mode 
echocardiograms were recorded on a strip chart record- 
er at a paper speed of 50 mm/sec during held expi- 
ration. 

The following parameters were measured from 
the waveform of SVC flow: (1) peak velocity of sys- 
tolic and diastolic waves; (2) systolic-to-diastolic peak 
velocity ratio; (3) time-velocity integral of systolic and 
diastolic waves; and (4) systolic-to-diastolic time-veloci- 
ty integral ratio (Figure 1). Late-to-early filling veloc- 
ity ratio was measured from the waveform of ventricu- 
lar filling. The following parameters were measured 
from the M-mode echocardiogram: (1) total excursion 
toward the apex of the tricuspid anulus during ventricu- 
lar contraction; (2) late diastolic excursion of the tricus- 
pid anulus during atrial contraction; and (3) ratio of 
late diastolic to total excursion of the tricuspid anulus. 
The values obtained over 3 to 5 beats were averaged. 


i 


(cm/sec) 4 


(cm/sec) 
40 





Values are expressed as mean + standard deviation. 
A p value <0.05 was considered statistically significant. 
Echocardiographic variables were evaluated by least- 
square linear regression analysis. 


RESULTS 

Superior vena cava and tricuspid flows, and tricus- 
pid anular motion before and after cardioversion (Ta- 
ble I): In all patients with AF, the systolic wave of SVC 
flow was smaller than the diastolic wave. In all patients 
who underwent cardioversion, peak systolic velocity of 
SVC flow gradually increased and peak diastolic veloci- 
ty gradually decreased by the seventh day after cardio- 
version (Figure 2 and Table I). Consequently, the ratio 
of systolic to diastolic peak velocities increased (0.5 + 
0.1 to 1.2 + 0.6) one hour after cardioversion, and then 
gradually increased to 1.7 + 0.4 by the seventh day. 
The ratio of systolic to diastolic time-velocity integrals 
changed after cardioversion in the same way as the ra- 
tio of systolic to diastolic peak velocities. 

The ratio of late to early filling velocities of tricuspid 
flow was smaller in patients with AF than in control 
subjects at both 1 hour and 2 days after cardioversion, 
but was not significantly different by the 7th day. 

The total excursion of the tricuspid anulus before 
cardioversion was significantly smaller in patients with 


r=0.495 
p<0,9001 


FIGURE 3. Top, relations between peak systolic (S) velocity in superior vena cava and excursion after atrial contraction to total 


excursion (AE/TE) of tricuspid anuhıs (top left), and between ratio of systolic to diastolic (S/D) peak velocities of 


ior vena 


cava flow and AE/TE (top right). Bottom, relations between S and TE (bottom left), and between S/D and TE (top right). 
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AF than in control subjects. The ratio of late diastolic 
to total excursion of the tricuspid anulus increased rela- 
tively graduzlly after cardioversion (Figure 2 and Ta- 
ble I). 

Relation 2etween Doppler and echocardiographic 
parameters: In all data before and after cardioversion 
of AF in 15 patients, the ratio of late diastolic to total 
excursion of the tricuspid anulus correlated positively 
with the rate of systolic to diastolic peak velocities of 
SVC flow (r = 0.50, p <0.0001), and with peak systol- 
ic velocity of SVC flow (r = 0.38, p <0.002) (Figure 3, 
top). It also correlated positively with the ratio of sys- 
tolic to diasolic time-velocity integrals of SVC flow 
(r = 0.40, p <0.005), and with the time-velocity inte- 
gral of the systolic wave (r = 0.48, p <0.0001). The 
late diastolic to total excursion ratio did not correlate 
significantly “ith peak diastolic velocity of SVC flow or 
with the timz-velocity integral of the diastolic wave. 

The ratio of late to early filling velocities of tricuspid 
flow correlat= significantly with both the ratio of sys- 
tolic to diastzlic peak velocities (r = 0.61, p <0.0001) 
and the ratic of systolic to diastolic time-velocity inte- 
grals of SVC flow (r = 0.56, p <0.0001). The late-to- 
early velocity ratio of tricuspid flow did not correlate 
significantly with peak systolic velocity, but did with 


FIGURE 4. Cas: 7. Top, Relation between total excursion 
(TE) of tricuspid anulus and ratio of preceding to pre-preced- 
ing RR intervals (R2/R1). A good correlation is seen. Bottom, 
relation betwee: ratio of systolic to diastolic time-velocity inte- 
grals (S1I/Ol) of superior vena cava flow. No correlation is 
seen. 


1338 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 





the time-velocity integral of the systolic wave (r = 0.31, 
p <0.05). 

In all data before and after cardioversion of AF in 
15 patients, the total excursion of the tricuspid anulus 
did not correlate significantly with the ratio of systolic 
to diastolic peak velocities or with peak systolic velocity 
(Figure 3, bottom). In 11 patients with AF, the R2/R1 
ratio correlated significantly with total excursion, but 
not with the ratio of systolic to diastolic time-velocity 
integrals or the time-velocity integral of the systolic 
wave (Figure 4). 


DISCUSSION 

Some investigators have reported that effective atri- 
al contraction may be absent or weak for days or weeks 
after cardioversion of AF to sinus rhythm.?-!4 Recent- 
ly, serial evaluations of atrial function by Doppler echo- 
cardiography before and after cardioversion of AF have 
been reported.'!!4 Manning et ali? showed that peak 
atrial filling wave velocity of mitral valve flow contin- 
ued to increase up to 12 to 22 days after cardioversion. 
Dethy et al! reported that the percent increase of atrial 
filling wave velocity of mitral valve flow between 4 and 
24 hours after cardioversion is an excellent predictor of 
maintained sinus rhythm. In the present study, we seri- 
ally recorded tricuspid anular motion before and after 
cardioversion of AF to evaluate right atrial mechanical 
function. We found, as did the previous reports, that 
atrial contraction, as measured by late diastolic excur- 
sion or late diastolic to total excursion ratio, slowly im- 
proved between 1 hour and 7 days after successful car- 
dioversion. 

Forward flow through the SVC is normally bi- 
phasic. Systolic forward flow through the SVC may be 
influenced by right atrial relaxation or systolic descent 
of the tricuspid anulus, or both. Sivacryan and Rangan- 
athan? reported that patients with AF had abnormal 
forward flow patterns in the jugular veins, systolic be- 
ing less than diastolic forward flow. They suggested 
that the abnormal flow pattern was related to decreased 
right heart function, which in turn diminished systolic 
descent of the tricuspid anulus rather than the arrhyth- 
mia itself. Keren et al!> observed that disturbances of 
the pulmonary venous flow were immediately reversed 
after cardioversion of AF to sinus rhythm, or after 
atrioventricular sequential pacing in complete atrioven- 
tricular block. They concluded that both atrial and ven- 
tricular contraction and relaxation were important de- 
terminants of pulmonary venous flow. The extent to 
which systolic descent of the mitral anulus contributed 
to pulmonary venous flow was unclear, because these 
authors did not study mitral anular motion. More re- 
cently, Keren et al!® studied the relation between 
pulmonary venous flow pattern and mitral annular mo- 
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tion in normal subjects and in patients with dilated car- 
diomyopathy. The abnormal patterns of pulmonary ve- 
nous flow were associated with either absence of mitral 
anular motion, AF or significant mitral regurgitation. 
However, patients in sinus rhythm having decreased 
motion of the mitral anulus had normal biphasic pat- 
terns. In the present study, we observed that neither the 
ratio of systolic to diastolic peak velocities nor peak sys- 
tolic velocity of SVC flow correlated with total excur- 
sion (i.e., systolic descent of the tricuspid anulus). 
R2/R1 ratio, a predictor of contractility in AF,'>!4 
correlated significantly with total excursion, reflecting 
right ventricular contraction. However, R2/R1 ratio 
did not correlate significantly with the ratio of systolic 
to diastolic time-velocity integrals and with the time- 
velocity integral of the systolic wave. These results indi- 
cate that systolic descent of the atrioventricular ring it- 
self is not a major determinant of systolic forward flow 
of SVC. 

Since this study included mainly lone AF, our ob- 
servations may not apply to patients with various heart 
diseases. Further study is needed in subgroups of pa- 
tients with various heart diseases. 
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Operative Mortality. with Implantation of the 
Automatic Cardioverter-Defibrillator 


Fobert D. Mosteller, MD, Michael H. Lehmann, MD, Andra C. Thomas, RN, 
Kenneth Jackson, PA, and Participating Investigators* 


Operative mertality was studied in 939 consecu- 
tive patients undergoing initial implantation of an 
automatic implantable cardioverter-defibrillator 
(AICD™) at 15 hospitals. Twenty-nine (3.1%) 
patients died during the first 30 days after sur- 
gery. Amons patients who survived beyond the 
first 30 posteperative days, ejection fraction 
data were a'railable in 219; compared with the 
mortality graup, these survivors had a signifi- 
cantly higher ejection fraction (34 + 15 vs 26 + 
10%, respeciively, p <0.001), despite similar ” 
age, sex, unzerlying heart disease, type of pre- 
senting arrhythmia and prevalence of concomi- 
tant surgery: The causes of perioperative death 
were sudder in 7 (249%), tachyarrhythmic/non- 
sudden in 5 [179%), cardiac nonarrhythmic in 9 
(31%), and moncardiac in 8 (28%). Twenty-four 
(83%) of the deaths occurred before hospital dis- 
charge, and in all 9 instances of in-hospital sud- 
den and tachyarrhythmic/nonsudden death, the 
initial recorded rhythm was sustained ventricular 
tachycardia tr fibrillation; in 5 (56%) of these 9 
patients the AICD had been in a deactivated 
state since implantation. Other possible contribu- 
tory factors in the 12 sudden or tachyarrhyth- 
mic/nonsudéen deaths included acute myocardial 
ischemia or mfarction in 2 (17%), and ‘“‘device 
proarrhythnéa”’ in 3 (259%) that were AICD-re- 
lated in 2 anc! secondary to an antitachycardia 
pacemaker irt another; defibrillation threshold 
testing was sot performed in 3 patients (1 of 
whom had terminal ventricular fibrillation). 
Thus, in tis multicenter experience with tho- 
racotomy requiring AICD implantation, operative 
(30-day) mortality was 3.1% and correlated in- 
versely with Eft ventricular ejection fraction. 
Further studi2s are needed to explore the poten- 
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tial role of management practices in the occur- 
rence of sudden or tachyarrhythmic/nonsudden 
death, which accounted for 41% of all postoper- 
ative fatalities in this AICD implantation series. 
(Am J Cardiol 1991;68:1340-1345) 


lator (AICD™) is now recognized as a valuable 

therapeutic method for preventing sudden death 
in patients at high risk for recurrent, sustained, life- 
threatening ventricular tachyarrhythmias.! As indica- 
tions for device therapy expand, risk-benefit consider- 
ations are being given greater attention. One important 
factor in such assessments is the death rate that may be 
expected to result either directly or indirectly from the 
implantation process itself. To estimate this risk and 
characterize operative mortality in a large patient popu- 
lation, we undertook a retrospective, multicenter study 
of early fatality after implantation of the AICD, with 
special emphasis on perioperative sudden and tachyar- 
rhythmic/nonsudden death. 


T he automatic implantable cardioverter-defibril- 


METHODS 

All patients undergoing first-time implantation with 
the AICD model 1400 and 1500 series (Cardiac Pace- 
makers, Inc., St. Paul, Minnesota) at 13 medical cen- 
ters (total of 15 hospitals/institutions; see Appendix) 
from July 1, 1982 through July 10, 1988, were enrolled 
in the total study cohort. Follow-up data were collected 
until August 10, 1988. The patient implant list was de- 
rived from a registry maintained by Cardiac Pacemak- 
ers, Inc., and consisted of 939 patients. AICD model 
1400 series (1400, 1410 and 1420) were implanted in 
476 patients (51%), and model 1500 Series (1500, 
1510 and 1520) in the remaining 463 (49%). 

Information on surgical approaches and lead config- 
urations used during the study period was obtained by 
surveying investigators regarding implantation practices 
at each center. Among the 15 participating hospitals, 
the lateral thoracotomy approach was used predomi- 
nantly in 10 (67%), whereas the median sternotomy 
approach was preferred in 4 (27%) and the subcostal 
approach in 1 (7%). The “patch-patch” lead was 
the predominant configuration in 13 hospitals (87%) 
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whereas the “spring-patch” configuration was preferred 
in 2 (13%). 

Group designations: All patients who died within 
the first 30 days after their initial AICD implantation 
formed the mortality group. Among the 910 implantees 
who survived their first 30 days, left ventricular ejection 
fraction values were available in 219 (through the Car- 
diac Pacemakers, Inc. registry), and these patients 
formed the reference group of the study. Comparisons 
between the 2 groups were obtained on clinical descrip- 
tors provided by the registry, supplemented when nec- 
essary by the participating investigators (e.g., to assure 
inclusion of ejection fraction data for all patients in the 
mortality group, even if initially unreported). 

Operative mortality was defined as death from any 
cause within the first 30 days after AICD implantation. 

Cause of death was classified as: sudden — death 
occurring within 1 hour of symptoms in a previously 
medically stable patient, or death occurring during 
sleep or unwitnessed; tachyarrhythmic/nonsudden — 
death associated with sustained ventricular tachyar- 
rhythmias persisting or recurring over a time period 
longer than 1 hour before death; cardiac nonarrhyth- 
mic — witnessed death of a cardiac nature, other than 
sudden or tachyarrhythmic/nonsudden; cardiac — 
death that is sudden, tachyarrhythmic/nonsudden, or 
cardiac nonarrhythmic; and noncardiac — death result- 
ing primarily from other causes. Independent of the 
Cardiac Pacemakers, Inc. registry, each death and its 
classification was certified by an investigator at the par- 
ticipating institution. 

For patients succumbing to sudden or tachyarrhyth- 
mic/nonsudden deaths, the initial recorded rhythm re- 
fers to the first known rhythm that could be document- 
ed during the terminal event. 

Statistical analysis: Univariate analyses, consisting 
of unpaired Student’s ¢ test and the chi-square test, 
were applied to the clinical descriptors to test for differ- 
ences between the operative mortality and reference 
groups. Multivariate logistic regression analysis was 
used to search for significant independent predictors of 
mortality. The Spearman rank test was used to assess 
the relation between institutional operative mortality 
and reference group ejection fraction. All p values are 
based on 2-sided hypothesis tests and are considered 
statistically significant if <0.05. 


RESULTS 

Twenty-nine of the 939 patient cohort (3.1%) died 
within the first 30 days after AICD implantation. 

Analysis of risk factors for operative death (Table 
I}: There were no statistically significant differences be- 
tween the mortality and reference groups with regard 
to age, sex, underlying heart disease, concomitant car- 
diac surgery, or type of presenting sustained ventricular 


TABLE I Clinical Descriptors in AICD Implantees 





Operative 
Mortality Reference 
Group Group 
Descriptor (n = 29) (n = 219) p Value* 




























Age (mean + SD yaars) 58.7 + 12.7 57.5 = 11.2 


Men/women 26/3 175/44 0.21 
Left ventricular ejection 25.6 + 10.3 33.7+14.8 <0.001 
fraction 
(%) (mean + SD) 
Underlying heart disease 
Atherosclerotic (%) 24 (83) 166 (76) - | 
Nonischemic cardiomy- 3 (10) 36 (16) 
opathy (%) 0.76 
Miscellaneous (%) 2 (7) 14 (6) 
No known heart disease O (0) 3 (1) "i 
(%) 
Concomitant cardiac 
surgery 
Performed (%) 4 (14) 44 (20) 
Revascularization 4 (14) 25 (11) | 
alone (%) 
Resection alone (%) 0 {0} 5 (2) 0.43 
Revascularization 0 {0} 14 (6) 
and resection (%) l 
Not performed (%) 25 (86) 175 (80) 
Clinical sustained tachyar- 
rhythmiat 
Ventricular tachycardia 17 (59) 100 (48) | 
(%) 
Ventricular fibrillation 1 (3) 23 (11) 0.35 
(%) 
Ventricular tachycar- 11 (38) 85 (41) | 


dia/fibrillation (%) 
*Unpaired Student's t test used for age and left ventricular ejection fraction; 
chi-square test used for other comparisons. 


tn = 208 for reference group. 
AICD = automatic implantable cardioverter-defibrillator; SD = standard deviation. 


tachyarrhythmia. However, mean left ventricular ejec- 
tion fraction was significantly lower in the mortality 
group than in the reference group, and remained the 
only significant independent predictor (p <0.05) after 
multivariate analysis. 

Left ventricular ejection fraction also helped to 
explain intercenter differences in operative mortality. 
Among individual institutions, 30-day mortality ranged 
from 0.0 to 9.4% (median value 2.4%); however, sur- 
geons from centers with higher mortality generally per- 
formed implantations in patients with lower left ventric- 
ular ejection fraction (Spearman rho = —0.61, p= 
0.02). For the 7 institutions with an operative mortality 
greater than the median value of 2.4% (pooled opera- 
tive mortality of 4.6% for 519 implantees), mean left 
ventricular ejection fraction in 93 reference cases from 
these institutions was 30 + 15%. This was significantly 
lower than the mean ejection fraction of 36 + 14% (p 
<0.001) for 126 reference cases from the 8 institutions 
with operative mortality <2.4% (pooled operative mor- 
tality of 1.2% for 420 implantees). 

Causes of operative death (Figure 1): Twenty-one 
of the 29 operative deaths (72%) were cardiac in origin, 
of which 12 (57%) were sudden or tachyarrhythmic/ 
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nonsudden. Fatients who died from cardiac causes had 
a significantl= higher prevalence of atherosclerotic heart 
disease (95 vs 50%, p = 0.004), and a statistically non- 
significant loer mean left ventricular ejection fraction 
(23 + 6 vs 32 15%, p = 0.13) compared with victims 
of noncardiac death. 

Time to cperative death (Figure 2): Twenty-three 
(79%) of the 29 fatalities occurred within 2 weeks 
of implantatrmn, including 6 of 7 sudden and 4 of 5 
tachyarrhythmic/nonsudden deaths. All 5 tachyar- 
thythmic/nonzudden deaths and 4 of 7 sudden deaths 
occurred befcre hospital discharge. 

Findings in perioperative sudden and tachyarrhyth- 
mic/nonsuddea deaths: Five of the 7 cases of sudden 
death were monitored, the initial recorded rhythm be- 
ing ventricule- fibrillation in 1 patient and sustained 
ventricular tachycardia in 3, with degeneration to ven- 
tricular fibrilEtion in 1 of these; electromechanical dis- 
sociation was seen in the remaining patient (out-of-hos- 
pital death). &ll 5 tachyarrhythmic/nonsudden deaths 
were monitor2=d, and the first recorded rhythm was in- 
variably sustamed ventricular tachycardia, with degen- 
eration to ven-ricular fibrillation documented in 1 pa- 
tient. 

Known or likely contributing factors could be identi- 
fied in 4 cases of sudden death: acceleration of ventricu- 
lar tachycard a to ventricular fibrillation by the AICD 
(with ineffect. ~e internal and external shocks); interac- 
tion with an emtitachycardia pacemaker that repeatedly 
caused degen=-ation of ventricular tachycardia to ven- 
tricular fibrilEtion (device shocks were initially effec- 
tive during se-cral rapidly recurring episodes, but even- 
tually became unsuccessful); probable acute ischemia, 
as evidenced by marked ST-segment elevation on an 
event monitor ~ecording shortly before death; and acute 
myocardial in arction documented by autopsy. In 2 
tachyarrhythr-ic/nonsudden deaths, known or likely 
contributory fectors were concomitant congestive heart 
failure, and a displaced, malsensing transvenous AICD 
lead with mechanical induction of ventricular tachycar- 
dia. With regard to medication, 1 or more antiarrhyth- 


Tachyarrhythmic/ 


Sudden 
7 (24%) 


Non-Arrhythmic 

9 (31%) 8 (28%) 
FIGURE 1. Causes of operative death in 29 patients dying 
within 30 days iter initial implantation of automatic implan- 
table cardiovert=+-defibrillator. 





mic drugs being administered to 3 patients dying sud- 
denly and 3 patients succumbing to tachyarrhythmic/ 
nonsudden death; 4 of these 6 were receiving amioda- 
rone. 

At the onset of the patients’ terminal events, the 
AICD had been deactivated since implantation in 2 of 
7 sudden (28%) and 3 of 5 tachyarrhythmic/nonsud- 
den deaths (60%). Among those with deactivated de- 
vices, the initial recorded rhythm was ventricular tachy- 
cardia in all cases. Degeneration to ventricular fibrilla- 
tion was documented in 1 of the patients who died 
suddenly; when the device was activated during at- 
tempted resuscitation, it failed to defibrillate the pa- 
tient, and attempted external defibrillation was unsuc- 
cessful as well. Delayed AICD activation also occurred 
in the 4 other patients with initially deactivated devices, 
but AICD shocks were effective, although transiently, 
in only 1 patient (recurrent ventricular tachycardia — 
tachyarrhythmic/nonsudden death). Of the 7 patients 
with activated devices for whom information was avail- 
able, AICD shocks were witnessed in 3 of 5 patients 
who died suddenly, and in both of 2 who succumbed to 
tachyarrhythmic/nonsudden deaths; the shocks were 
transiently effective (i.e., failed during tachyarrhythmia 
recurrence) in 1 case of sudden and 1 case of tachyar- 
rhythmic/nonsudden death. 

The reported intraoperative defibrillation threshold 
was <20 J in 4 of 7 sudden and 4 of 5 tachyarrhyth- 
mic/nonsudden deaths, with a value of 25 J in the re- 
maining case of tachyarrhythmic/nonsudden death. 
However, the defibrillation threshold was not measured 
in 3 patients who died suddenly (terminal ventricular 
fibrillation documented in 1), all of whom had had sus- 
tained ventricular tachycardia as a clinical tachyar- 
rhythmia. 
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FIGURE 2. Time to operative death in 29 patients dying with- 
in 30 days after initial implantation of automatic implantable 
cardioverter-defibrillator. Time after implantation is divided 
into the 3 segments designated on the abscissa, and number 
of patients is shown on the ordinate. 
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DISCUSSION 

In this 939 patient multicenter experience with ini- 
tial AICD implantation over 6 years, the 30-day opera- 
tive mortality was 3.1%, whick falls within the range of 
1.5 to 8.0% reported in smaller published series.*-!? 
Our study identifies left ventricular ejection fraction as 
an independent determinant o` operative mortality and 
draws attention to clinical circumstances surrounding 
sudden and tachyarrhythmicy;nonsudden death within 
30 days after AICD implantation. 

Clinical variables related to operative mortality: 
Among variables analyzed, left ventricular ejection 
fraction was the only one found to be significantly dif- 
ferent between the operative mortality group and the 
reference group. Consistent with this finding was the 
observation that operative mortality by center correlat- 
ed inversely with the mean zeference left ventricular 
ejection fraction by center. 

Although concomitant surgery did not appear to 
predict increased operative -nortality in our study, 
this finding is at variance wth a recent preliminary 
report! 3 and must be interpreted with caution. One 
might rationalize the observed lack of association by 
postulating a “cancellation effect,” in which the in- 
creased operative mortality rete expected with cardio- 
pulmonary bypass (and pcssible aneurysmectomy) 
superimposed on AICD implantation was counterbal- 
anced by the benefits of revascularization on chronical- 
ly ischemic myocardium. However, it must be stressed 
that patients were included in the registry only if an 
AICD generator was actually implanted. In the setting 
of concomitant surgery, some Datients may have under- 
gone a “2-stage” procedure (.ead placement only, fol- 
lowed by generator implantat.on several days later); if 
any of these patients died before the intended second 
stage, they never would have entered the registry. Such 
a selection bias may have limited our ability to detect 
an adverse impact of concomitant surgery. Indeed, pa- 
tients undergoing prophylactic “leads-only” procedures 
during cardiac surgery have een reported to face an 
operative mortality as high as 12%.'4 

Perioperative sudden and tachyarrhythmic/nonsud- 
den death: In this series, sudden and tachyarrhythmic/ 
nonsudden death accounted for 24 and 17%, respective- 
ly, of the 30-day operative mortality. Sustained ventric- 
ular tachycardia or ventricular fibrillation was observed 
in the majority of sudden deaths for which electro- 
cardiographic monitoring was available during the ter- 
minal event; by definition, these arrhythmias were 
documented in all cases of taciyarrhythmic/nonsudden 
death. Except for 1 patient ir. whom transvenous ven- 
tricular sensing lead dislodgerment led to both repetitive 
ventricular tachycardia induccion and device malfunc- 
tion, AICD shocks in cases of tachyarrhythmic/non- 


sudden death were typically delivered appropriately 
(when devices were activated) with initial success; how- 
ever, repeated bouts of sustained ventricular tachycar- 
dia or ventricular fibrillation, or both, ultimately proved 
fatal. 

The context for the occurrence of perioperative sud- 
den death in this large series of AICD implantees sug- 
gests that, in at least some cases, management factors 
may not have given the device the “best chance” of 
working. Among these factors in the 7 sudden death 
cases were the absence of defibrillation threshold testing 
in 3 patients (one of whom had ventricular fibrillation 
documented during his terminal event), and postopera- 
tive device deactivation in 2. The former, historically, 
may have reflected a belief in some centers that defi- 
brillation threshold testing was not necessary for pa- 
tients presenting with sustained ventricular tachycardia. 

During the time period of our study, device deacti- 
vation immediately after implantation was frequently 
performed as a means of preventing shocks triggered by 
possible postoperative atrial tachyarrhythmias. Con- 
sistent with our observations, a recent survey docu- 
mented the occurrence of at least 1 postoperative sud- 
den (tachyarrhythmic) death associated with a deacti- 
vated AICD in 4 of 28 (14%) implanting institutions.!> 
Clearly, a cause-and-effect relation is difficult to estab- 
lish in these cases, and complementary information is 
needed concerning device activation status in operative 
survivors. Nonetheless, the greater probability of time 
delays before attempted electrical conversion or defi- 
brillation, and the potential for electrical impedance to 
be increased by myocardial patch electrodes,!© support 
the contention that failure to maintain device activation 
postoperatively may reduce the likelihood of successful 
resuscitation during tachyarrhythmic cardiac arrest. 

Evidence of myocardial ischemia or infarction was 
present in 2 cases of sudden death (both out-of-hospi- 
tal), pointing to the possible role of underlying sub- 
strate changes. Antiarrhythmic drugs (primarily amio- 
darone) may have had a potentiating effect in some of 
the perioperative sudden or tachyarrhythmic/nonsud- 
den deaths, either through a proarrhythmic mecha- 
nism!’ or through elevation of the defibrillation thresh- 
old.!8-2° However, the design of our study does not per- 
mit us to draw conclusions with regard to these issues. 
On the other hand, “device proarrhythmia” was clearly 
documented in 3 patients (ventricular fibrillation or 
ventricular tachycardia induced by an AICD shock, an- 
titachycardia pacemaker, or the mechanical effect of a 
displaced transvenous sensing lead). 

Study limitations: Given the retrospective nature of 
our study, the 30-day mortality figure of 3.1% after 
initial AICD implantation may have been skewed by a 
variety of influences. As noted previously, “true” opera- 
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tive mortality may have been underestimated by the 
exclusion of >atients dying before completion of a 2- 
stage implartation. Conversely, our 3.1% figure could 
have been inated by the inclusion of patients destined 
to die indepeadent of AICD implantation. More accu- 
rate operativ= mortality data must await large prospec- 
tive, randomized clinical trials where early death rates 
can be compared in groups treated with and without 
devices using an intention-to-treat analysis. Such trials 
will also help to assess the role, if any, of specific fac- 
tors, such as “unctional class, concomitant surgery and 
history of cacdiac surgery. 

As descrited previously (see Methods), the refer- 
ence group operative survivors represented only a 
subset of the entire implantation cohort, selected by 
virtue of an ejection fraction value being reported to 
the registry. However, the similarity of the mean left 
ventricular e-«ction fraction (33.7%) in our reference 
group to that -eported in other series of AICD implant- 
ees,©-8:10,12 as well as the wide variability of left ventric- 
ular ejection “action data, argue against any significant 
selection bias in our reference group. 

This investgation also may be limited by a historical 
bias, in that implantation techniques, intraoperative 
testing protocols, postoperative practices and device fea- 
tures have cortinued to evolve beyond the study period. 
For example, defibrillation threshold testing during im- 
plantation is ow routinely performed and recommend- 
ed, regardless of the presenting tachyarrhythmia.!>7! 
Moreover, current availability of cardioverter-defibrilla- 
tors that are srogrammable allows for immediate post- 
implant activetion with a temporary high rate cutoff, 
thereby permacting prompt device intervention for rapid 
ventricular tachycardia or ventricular fibrillation, while 
also reducing the likelihood of shocks being triggered 
by postoperatwe atrial tachyarrhythmias. Nonetheless, 
“learning curve” issues are likely to have a persistent 
impact on op2rative mortality as increasing numbers of 
medical centers initiate implantation programs; device- 
related aggre~ation of sustained ventricular tachyar- 
rhythmias remains a potential cause of perioperative 
sudden death. perhaps even more so with the advent of 
programmabk devices.” 

Finally, operative mortality (especially that resulting 
from nonarritsthmic cardiac and noncardiac causes) is 
likely to decrease over the coming years as nonthora- 
cotomy devices*? become more widely available. How- 
ever, defibril.ation threshold requirements may still 
oblige a sign-ficant proportion of device therapy can- 
didates to urdergo a thoracotomy-type implantation. 
Thus, our firdings should ‘continue to be relevant to 
these patients and, as such, may provide an upper limit 
estimate for orerative mortality in the future. 
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SYSTEMIC HYPERTENSION 


Hemodynamic Comparison of Two Nifedipine 
Formulations in Patients with 
Essential Hypertension 


Edward D. Frohlich, MD, Mario J. McLoughlin, MD, Christoph J. Losem, MD, 
Reinhard Ketelhut, MD, and Franz H. Messerli, MD 


The hemods.namic and humoral effects and 
trough-to-peak 24-hour blood pressure re- 
sponses of 2 nifedipine formulations, capsules 
and continu seus-release once-daily formulation 
tablets, wer2 evaluated in 10 patients with mild 
to moderate essential hypertension. Both formu- 
lations reduced mean arterial pressure similarly 
from 120 + 3 (baseline) to 107 + 2 (p <0.005) 
and 105 + 2 mm Hg (p <0.005) and total pe- 
ripheral resstance index from 65 + 9 (baseline) 
to 47 + 4 (g <0.05) and 45 + 3 U/m? (p <0.05), 
respectively . Renal, splanchnic and total forearm 
(including sin and skeletal muscle) blood flows 
were maint=ined or even increased slightly asso- 
ciated with reductions in regional vascular resis- 
tances. Deceeases in renal, total forearm and 
skeletal muscle resistances were significant (p 
<0.05) with the capsules, but the decrease was 
only significant in renal resistance with the long- 
acting tablets. Intravascular volume did not ex- 
pand with reduction in arterial pressure. This an- 
tihypertens.-fe effect was not related to baseline 
plasma renm activity levels or age. Nifedipine 
tablets provided a better control of mean arterial 
pressure (65%) than did capsules (44%). 

‘Am J Cardiol 1991;68:1346-—1350) 
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nists have gained extensive use for antihyperten- 

sive treatment,*? and they are now included 
among the first-line therapeutic agents for the initial 
treatment of hypertension.4 Nifedipine, a dihydropyri- 
dine derivative, has been used as an antihypertensive 
agent in both tablet and capsular formulation°-’; the 
slow-release formulation has been available recently for 
once-daily use. This study was designed to compare the 
systemic and regional hemodynamic effects of the slow- 
release tablet with the capsular formulations. 


S ince their clinical introduction,! calcium antago- 


METHODS 

Patients: Ten patients (9 men, 5 white) with mild to 
moderately severe essential hypertension, whose ages 
ranged from 39 to 71 years (average 52 + 3), were 
studied. Patients were enrolled if their supine diastolic 
pressure was 90 to 115 mm Hg after discontinuation of 
all medication for =4 weeks. Informed consent, previ- 
ously approved by our institutional clinical investigation 
committee, was obtained from all patients before en- 
trance into the study. 

Studies: The study consisted of 4 monotherapeutic 
phases: phase I, the capsule (10 to 40 mg 3 times a 
day, average 55.5 mg/day) of 24 weeks’ duration; 
phase II, 2-week placebo washout period; phase III, ti- 
tration to goal diastolic pressure (<90 mm Hg or 210 
mm Hg reduction in diastolic pressure) administering 
30 to 150 mg of nifedipine tablet formulation adminis- 
tered once daily; and phase IV, nifedipine tablet main- 
tenance therapy (average 64.7 mg/day) for 8 weeks. 
All hemodynamic and laboratory studies were per- 
formed at the end of phases I, II and IV, and all 24- 
hour pressure recordings were obtained on the day be- 
fore the completion of that phase of study. 

Blood pressure measurements: Blood pressure mea- 
surements were obtained before prescribing the next 
dose of medication (8 hours after receiving nifedipine 
capsules and approximately 24 hours after receiving the 
nifedipine long-acting, once-daily tablets). In addition, 
24-hour ambulatory blood pressure monitor records 
were also obtained in 8 patients (Accutracker, Suntech, 
Raleigh, North Carolina). The average number of 
blood pressure recorder readings were 135 + 2, 133 + 
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2 and 138 + 1 mm Hg for each patient during phases 
I, II and IV, respectively; 89, 89 and 87% of these re- 
cordings were valid for interpretation. Blood pressure 
and heart rate were measured for the entire 24-hour 
period and were then subdivided into six 4-hour periods 
for statistical analysis and comparison. 

Echocardiography: Two-dimensional guided M- 
mode echocardiograms (Toshiba, SSH 60-A, 2.5 and 
3.75 MHz) were obtained to determine resting cardiac 
anatomic and functional indexes. Three echocardio- 
grams, obtained at the conclusion of phases I, II and IV 
in all patients, were interpreted by 2 independent ob- 
servers who were unaware of the phase of study for the 
respective patients. Patients were studied in the recum- 
bent, half-left, lateral position. 

Left ventricular wall thickness and dimensions were 
measured according to standard criteria. Left ventricu- 
lar volumes were calculated according to the Teichholz 
formula,’ and left ventricular mass (American Society 
of Electrocardiography cube formula) was corrected as 
proposed by Devereux et al.!° Cardiac output was cal- 
culated as the product of heart rate and stroke volume 
(end-diastolic minus end-systolic volume), and total pe- 
ripheral resistance was calculated by dividing mean ar- 
terial pressure (diastolic pressure plus one-third of pulse 
pressure) by cardiac output. Ventricular preload was 
assessed as end-diastolic volume divided by body sur- 
face area, and afterload as end-systolic wall stress. !! 

Left ventricular systolic function was estimated by 
calculating ejection fraction, fractional fiber shortening, 
velocity of circumferential fiber shortening and the con- 
tractility index (end-systolic wall stress /end systolic vol- 
ume index). Diastolic function was determined by com- 
puter analysis of digitized echograms of the septum and 
posterior left ventricular endocardial wall using a point 
preceding 1 R wave to the subsequent point of the suc- 
ceeding R wave. Continuous plots of left ventricular 
minor axis dimension versus time or the rate of dimen- 
sional change versus time were obtained. In this man- 
ner, for each patient 3 to 5 echocardiographic cycles 
were analyzed and averaged. Peak filling rate (PFR) 
was corrected for diastolic dimension (DD) in order to 
achieve the normalized peak filling rate (nPFR) [nPFR 
= PFR/(DD - 0.8)], and duration (DUR) of rapid fill- 
ing was corrected (cDUR) for heart rate [cDUR = 
DUR - (heart rate /60)].!? 

Regional hemodynamics: Renal blood flow was 
determined by measuring iodine-131 para-aminohip- 
puric acid clearance.!3!4 Glomerular filtration rate 
was determined from endogenous creatinine clearance. 
Splanchnic blood flow was calculated from clearance of 
injected indocyanine green dye.!° Total forearm blood 
flow, with estimation of skin and skeletal muscle flow 
and resistances, was obtained from the increase in fore- 






TABLE I Hemodynamic Indexes and Plasma Catecholamines 
Produced by Two Formulations of Nifedipine 






Capsules Placebo Tablets 















Mean arterial pressure 107 (2)t 120 (3) 105 (2)T 
(mm Hg) 

Heart rate (beats/m n) 73 (3) 68 (2) 74 (4) 

Stroke volume index (mi/ 34 (2) 31 (3) 34 (2) 
beat/m2) 

Cardiac index (liters'min/ 2.47 (0.2) 2.08 (0.2) 2.51 (0.2) 
m2) 

Total peripheral resistance 47 (4)* 65 (9) 45 (3)* 
index (U/m) 

Total blood volume (ml) 5,568 (224) 5,496 (228) 5,669 (249) 


Plasma volume (ml) 3,323 (118) 3,255(160) 3,418 (180) 


Norepinephrine (pg/m!) 467 (91) 387 (71) 375 (60) 
Epinephrine (pg/ml? 30 7) 31 (5) 28 (4) 
Plasma renin activity (ng/ 1.9 (0.30) 1.7 (0.4; 1.5 (0.4) 





ml/hour) 
*p <0.05; tp <0.005 with respect to placebo value. 
Data are mean +1 standard error of the mean. 


arm volume during venous occlusion with and without 
hand exclusion using a mercury-filled Silastic strain- 
gauge plethysmograph.!6!7 

Intravascular volumes and humoral measurements: 
Plasma volume was measured with iodine-125 human 
serum albumin.!3 Total blood volume was calculated 
from plasma volume and hematocrit (total blood volu- 
me = plasma volume/(1 — hematocrit). Plasma levels 
of circulating norepinephrine and epinephrine were 
measured radioenzymatically from venous blood with- 
drawn 30 minutes after supine resting.!® Plasma renin 
activity was measured by radioimmunoassay. !? 

Statistics: One-way analysis of variance with re- 
peated measurements was used to establish statistical 
significance”? with subsequent pairwise comparison. All 
data are presented as mean + 1 standard error of the 
mean. 


RESULTS 

Both nifedipine formulations, capsules and tablets, 
reduced laboratory and office arterial pressures (systol- 
ic, diastolic and mean) significantly with average daily 
doses of 55.5 and 64.7 mg/day, respectively (Tables I 
and II). During hemodynamic evaluation, mean arteri- 
al pressure was significantly reduced (—13 mm Hg for 
capsules p <0.005; —15 mm Hg for tablets p <0.005) 
with both active treatment formulations as compared 
with the placebo period, and this was associated with 
significant reduction in total peripheral resistance (in- 
dexes) (p <0.05) (Table I). Heart rate and cardiac in- 
dex in the hemodynamic evaluation showed no signifi- 
cant differences between the first (capsule), second 
(placebo), and third (tablets) hemodynamic studies 
(Table I). However, office heart rate in the upright po- 
sition was faster during both treatment phases than 
during the placebo phase. However, in the supine posi- 


HEMODYNAMIC COMPARISON OF NIFEDIPINE FORMULATIONS 1347 


TABLE fl G ice Blood Pressure and Heart Rate Determinations During Three Treatment Phases 


Supine 


Capsules Placebo 


134 (3)t 
85 (2)T 
101 (2)t 
79 (2)t 


*p <0.05; fp =0.005; tp <0.001, compared with placebo value. 
Data are mear —1 standard error of the mean. 


159 (5) 
101 (3) 
120 (3) 

70 (2) 


Systolic 

Diastolic 

Mean 

Heart rats beats/min) 





TABLE Iil Fegional Hemodynamic Measurements 

















Capsules Placebo Tablets 





Renal 


Blood flow ml/min) 902 (91)* 753 (93) 798 (73) 

Vascular resstance (U) 14 (2)* 20 (4) 15 (2)* 

Glomerularfitration 128 (11) 114(10) 120 (10) 
rate (mifcin) 

Filtration fraction (%)} 15 (1) 17 (2) 15 (1) 

Splanchnic 
Blood flow ml/min) 876 (112) 964(137) 912 (167) 
Vascular rez-stance (U) 17 (4) 15 (2) 14 (2) 
Forearm 

Total forearc blood 7.0 (0.4) 6.2 (0.7) 7.2 (0.7) 
flow (miin) 

Total foreare vascular 15.9(1.1)* 22.0(2.6) 15.6 (1,3) 
resistance U) 

Skeletal missle blood 5.7 (0.4) 4.8 (0.5) 5.7 (0.4) 
flow (ml/-ain/100 g) 

Skeletal mile vascu- 20 (1.4)f 28 (3.3) 20 {1.5} 
lar resisterce (U) 

Skin blood t =w (ml/ 1.3 (0.1) 1.4 (0.2) 1.6 (0.3) 
min/10C £) 

Skin vascul. resistance 100 (15.3) 114(19.6) 84(13.7) 
(U) 





*p <0,05; Tp = 0.02. 
Data are mean = 1 standard error of the mean. 


tion, only the capsular formulation increased heart rate 
(Table IT). 

Regional hemodynamics: Renal blood flow in- 
creased with the capsular formulation compared with 
placebo, but this was not observed with the tablet for- 
mulation (Table III). However, renal vascular resis- 
tance was smiilarly and significantly reduced with both 
formulations (p <0.05). Glomerular filtration rate in- 
creased sigriicantly only with the capsular formula- 
tion. There were no significant changes in renal filtra- 
tion fractior with either nifedipine formulation. 

Total forzarm blood flow as well as skin and skeletal 
muscle blood flow increased slightly but insignificantly. 
However, tcral forearm vascular and skeletal muscle 
vascular resistances decreased significantly only with 
the capsular “ormulation. The difference with respect to 
the long-acting tablet formulation reflects a greater 
standard erry in that group. Splanchnic blood flow de- 
creased sligh ly (but insignificantly) during both treat- 
ment periods As a result, both nifedipine formulations 
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Standing (1 min) 


Tablets 


139 (3)* 
90 (2)f 

106 (1)T 
74 (2) 


Tablets 


136 (5)* 
91 (3)t 
106 (3)t 
79 (2)4 


Placebo 


156 (5) 
103 (3) 
121 (3) 

71 (2) 


Capsules 


134 (3)t 
85 (3)t 
101 (3)t 
81 (2)t 


reduced renal, splanchnic and forearm resistance (in- 
cluding skeletal muscle and cutaneous vascular resis- 
tances), but only renal vascular resistance decreased 
significantly with both drug formulations (Table HI). 

Twenty-four-hour pressures: The average 24-hour 
blood pressure records obtained during the placebo 
phase (149 + 3/90 + 3 mm Hg) were significantly 
reduced with nifedipine capsules and tablets (140 + 
2/84 + 2 and 138 + 3/81 + 2 mm Hg, respectively). 
The tablet demonstrated a more even and steady con- 
trol of both systolic and diastolic pressures throughout 
the 24-hour period compared with the capsules (Table 
IV). With the tablet formulation, mean arterial pres- 
sure reduction was maximal (12%) between 6 and 10 
AM., with the least decline (8%) observed between 10 
P.M. and 2 am. The capsules produced a comparable 
maximal pressure reduction (12%) between 6 and 10 
AM., and the trough effect was 5% during the 12-hour 
period between 10 a.m. and 10 p.m. Thus, the reduction 
in arterial pressure was smooth for the tablet and cap- 
sular formulations, and early morning control seemed 
to be better. 

Humoral changes: Epinephrine, norepinephrine and 
plasma renin activity each declined insignificantly from 
the first to the second and third hemodynamic evalua- 
tion. Moreover, no significant relation was seen be- 
tween reduction in arterial pressure (office or laborato- 
ry) and the change in these humoral measurements 
with respect to the age of the patients. 

Echocardiographic measurements: Left ventricular 
mass, septal and posterior wall thicknesses, and diastol- 
ic dimension as well as the variety of indexes of ventric- 
ular function did not differ during the 3 treatment 
phases (Table V). 


DISCUSSION 

The results of this study confirm previous reports 
demonstrating the antihypertensive effectiveness of ni- 
fedipine capsules®’ and extend this conclusion to the 
newer single daily dose of an osmotic pump formulation 
(nifedipine tablets) that provides a more even and 
steady control of pressure over the entire 24-hour peri- 
od. Moreover, trough-to-peak ratio in pressure reduc- 
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TABLE IV Systolic and Diastolic Pressure Reduction After Treatment with Nifedipine Capsules and Tablets (averages for 24 hours and 
for six four-hour intervals) 


24 Hours 5—10 A.M. 10-2 P.M. 


Capsules 
Systolic 
Diastolic 
Mean 

Placebo 
Systolic 
Diastolic 
Mean 

Tablets 


142 (2) 
87 (3) 
105 (2) 


140 (2) 
84 (2)t 
103 (2)t 


140 {2)t 
85 (2)t 
102 {2} 


148 (5) 
93 (4) 
111 (4) 


149 (3) 
90 (3) 
110 (3) 


155 (2) 
97 (3) 
116 (2) 


143 (3) 


Systolic 
Diastolic 


138 (3)f 
81 (2)t 


139 (3)* 
84 (2) 


84 (2)* 


6—10 P.M. 


137 (3) 
88 (3) 
107 (2) 


141 (2) 
86 (2) 
105 (2) 


152 (3) 
95 (4) 
113 (3) 


151 (5) 
91 (4) 
111 (4) 


141 (3) 
80 (2)* 


143 (3) 


83 (2)* 


10—2 A.M. 


131 (5)* 
76 (4)* 
94 (4)* 


141 (3) 
82 (2) 
101 (2) 


130 (6)* 
74 (3) 


132 (5)* 
81 (4) 
98 (4)* 


143 (4) 
86 (3) 
104 (3) 


131 (4)¢ 
77 (3)T 


Mean 100 (2)t 


*p <0.05; tp <0.01; tp <0.001. 
Data are mean +1 standard error of the mean. 


102 (3)¢ 103 (2)* 


tion was superior with the once-daily tablet formulation 
(66%) compared with the 3 times-daily capsular for- 
mulation (44%). Trough levels (—5%) of blood pres- 
sure reduction were seen in 3 of six 4-hour intervals 
compared with only one 4-houz period with a trough 
reduction of —8% with the tablet formulation. The av- 
erage mean arterial pressure reduction achieved with 
the 2 nifedipine formulations renged from 5 to 12%, a 
finding that is in agreement wich earlier reports.?! 

Both formulations of nifedipine reduced total fore- 
arm (cutaneous and skeletal muscle) and renal vascular 
resistances and increased skeletal muscle and renal 
blood flows. The capsular formulation increased renal 
blood flow and glomerular filtration rate and reduced 
the renal, skeletal muscle and total forearm vascular 
resistance. Only renal vascular resistance significantly 
decreased during treatment with long-acting tablets 
(Table III}. These renal hemodynamic findings agree 
with previous studies using nifedipine.2* However, dilti- 
azem? and nitrendipine** increased renal flow and ve- 
rapamil?> maintained renal flow. Nevertheless, each of 
these agents reduced renal vascular resistance. Only dil- 
tiazem and nitrendipine decreesed the renal filtration 
fraction.23-4 

In this study, preload measured by echocardiogra- 
phy remained unchanged. We were unable to detect 
any significant change in systoñc (stroke volume, frac- 
tional fiber shortening, velocity of circumferential fiber 
shortening, ejection fraction) or diastolic (normalized 
peak filling rate, duration of repid filling corrected for 
heart rate) functions. This also includes end-systolic 
wall stress to end-systolic volume index ratio, a sensi- 
tive, relatively lead-independert index of cardiac con- 
tractility (Table V).?° It is clea- that the 2-week place- 
bo period was insufficient to show any changes in cardi- 
ac chamber structure with either form of therapy. 

Finally, neither formulatior of nifedipine produced 
fluid retention as evidenced by constant levels of total 





100 (2)* 193 (2)* 93 (4)* 9E (3)T 


TABLE V Left Ventricular Function and Structure 


Capsules Placebo Tablets 


Systolic function 
Ejection time, corrected 
(ms) 
Fractional fiber shcrten- 
ing (%) 
Ejection fraction (%) 
Velocity circunferential 
fiber shortening 
{circ/s) 
Contractility (U) 
Diastolic function 
Peak filling rate (1/sec) 
Duration rapid filling, 
corrected (ms) 
Loading conditions 
Preload (end-diastolic 
volume; U/m2) 
Afterioad (end-systolic 
wall stress; 103 
dynes/cm?) 
Left ventricle 
Septal thickness (cm) 
Posterior wall thickness 
(cm) 
Diastolic dimension 
(em) 
LV mass index (g/m?) 102 (5) 


Data are mean +1 standard error of the mean. 
LV = left ventricular. 


315 (9) 304 (7) 299 (5) 


33 (1) 30 (2) 33 (2) 


62 (2) 
1,07 (0.1) 


57 (3) 
1.01 (0.1) 


60 (3) 
1.19 (0.1) 


2.16 (0.1) 2.24(0.1) 2.09 (0.1) 
1.9 (0.2) 


262 (12) 


2.1 (0.3) 
272 (14) 


2.1 (0.25) 
292 (26) 


55 (3.8) 54 (4.2) 57 (3.4) 


46 (4.3) 51 (4.2) 47 (4.7) 


1.20 (0.05) 
1.10 (0.04) 


1.18 (0.05) 
1.12 (0.03) 


1.16 (0.04) 
1.C9 (0.03) 


4.95 (0.2) 


4.86 (0.2) 5.C1 (0.2) 


101 (6) 1C2 (4) 





blood and plasma volumes and body weights through- 
out the trial. This finding is consistent with that mea- 
surement reported previously.27 

Therefore, we conclude that both formulations of ni- 
fedipine were effective in reducing elevated arterial 
pressure. The once-daily slow-release formulation (tab- 
lets) was as effective in controlling elevated arterial 
pressures throughout a 24-hour time period as the 3- 
times-daily capsular formulation. Renal vascular resis- 
tances were reduced with both formulations although 
only the capsular form increased renal flow. 
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Effect of Nifedipine Tablets on Ambulatory Blood 
Pressure in Patients Aged <60 and >65 Years 
with Systemic Hypertension 


Iwao Kuwajima, MD, Yasuko Suzuki, MD, Tatsuo Shimosawa, MD, Kuniaki Otsuka, MD, 
Hiroshi Kawamura, MD, and Kizuku Kuramoto, MD 


To evaluate the effect of age on the pattern of 


circadian blood pressure a-ter nifedipine tablets, 
ambulatory blood pressure after administration 
of low and high doses of nifedipine, taken twice 
daily, was measured over a 24-hour period in 10 
elderly and 8 young hypertensive patients. After 
a 2-week control period without antihypertensive 
drug, 10 mg of nifedipine was administered 
twice daily for 2 weeks (low-dose period), fol- 
lowed by 2 weeks of 20 mg (high-dose period), 
At the end of each period, ambulatory BP moni- 
toring was conducted every 30 minutes for 

24 hours, using an ABPM 630 (Nippon-Colin, 
Komaki, Japan). In both groups, averages of 
systolic and diastolic BP far the entire day de- 
creased significantly from the control to the low- 
dose periods. However, after the high-dose peri- 
od, only the elderly group had further significant 
reduction of systolic BP, whereas no further re- 
duction was seen in the young group. Separate 
analysis of whole-day data into daytime and 
nighttime values revealed that a further decrease 
in systolic BP after the high-dose period in the 
elderly group was a reflection of nighttime de- 
cline. It was suggested that circadian BP pat- 
terns after administration ef nifedipine tablets in 
the elderly differed from those in young hyper- 
tensive paticats, especially after administration 
of the 2agh-dose. 

AA (Am J Cardiol 1991;68:1351-1356) 
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latory blood pressure (BP) monitoring tech- 

nique into the clinical field has provided a great 
amount of information concerning changes in circadian 
patterns of BP after administration of antihypertensive 
agents.!-4 However, the age of subjects has not been 
taken into consideration in most of these studies. It is 
conceivable that the circadian pattern of BP after anti- 
hypertensive agents in the elderly differs from that of 
younger patients because of age-related pharmacoki- 
netic and pathophysiologic changes. The present study 
evaluates whether the BP-lowering effects of nifedipine 
tablets, administered twice daily, differ over a 24-hour 
period in elderly and younger hypertensives. 


T he recent introduction of the noninvasive ambu- 


METHODS 

Study patients: Eighteen outpatients with mild or 
moderate hypertension were recruited for the study. 
These patients were divided into 2 groups according to 
age: group 1 consisted of 10 patients >65 years old 
(mean age 70) and group 2 consisted of 8 cases <60 
years of age (mean age 49). Hypertension was defined 
as 2160 mm Hg systolic BP in the clinic, or 290 mm 
Hg diastolic BP in 2 of 3 BP measurements at the clin- 
ic. Secondary hypertension was ruled out by routine ex- 
amination. All patients were diagnosed as class I or II 
hypertensives according to the classification of the 
World Health Organization. 

Protocol: The protocol of the study consisted of 3 
phases: a 2- to 4-week control period in which any anti- 
hypertensive agents were withdrawn; a low-dose period, 
in which nifedipine tablets were given at a dose of 10 
mg twice a day, at 0800 and 2000 hours for 2 weeks 
(treatment 1, low-dose period); a high-dose period, in 
which nifedipine tablets were administered at a dose of 
20 mg twice a day for 2 weeks (treatment 2, high-dose 
period). Patients visited the clinic every 2 weeks for BP 
measurement. 

Ambulatory blood pressure monitoring: At the end 
of each period, ambulatory BP and pulse rate monitor- 
ing were conducted noninvasively at half-hour intervals 
over 24 hours using an automated portable recorder 
(ABPM 630, Nippon Colin, Komaki) that recorded os- 
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TABLE | Cher ges in Blood Pressure and Pulse Rate in the Clinic 


(1) 
Control Treatment 1 Treatment 2 V5 
(1) (2) (3) (3) 


Young grc_3 
Systolic 3P (mm Hg) 
Diastol& BP (mm Hg) 
Pulse ref (beats/min) 
Elderly gresp 
Systolic 3P (mm Hg) 
Diastol& BP (mm Hg) 
Pulse re (beats/min) 


133 + 11 
7729 
7442 


17528 
101215 
69 +5 


143 + 16 
88 +9 
70 2+3 


140 + 23 
68 +11 
80+8 


172 +412 
91l+/7 
7128 


153 +19 
79 +10 
738217 


*p <0.05; tp 73.01. 
BP = biood pre. sure; NS = not significant. 


cillometric s:gnals. All recordings of ABPM were per- 
formed on weekdays to avoid differences of daily life 
activity between each of the periods. The 24-hour BP 
data were divided into daytime (600 to 2100 hours) 
and nighttirre (2130 to 0530 hours) values for analysis. 

Statistica analysis: Student’s paired ¢ tests were 
used for comparisons of the data between each period. 
A probabilit; value <5% was taken to be significant. 
All values w2re expressed as mean + standard devi- 
ation. 


RESULTS 
Blood psessure in the clinic (Table I): In both 
groups, sign “icant reductions in systolic and diastolic 





BP in the clinic were observed between the control and 
low-dose periods (p <0.05) or the high-dose period (p 
<0.01). Systolic BP in the high-dose period was signifi- 
cantly lower than that in the low-dose period in the 
elderly group (p <0.05), but not in the younger group 
(p = not significant). 

Ambulatory blood pressure measurements: YOUN- 
GER GROUP (FIGURE 1): In the control period, circadian 
changes in BP increased during the day and decreased 
at night. In the low-dose period, reductions in systolic 
and diastolic BPs were observed, beginning 1 hour after 
nifedipine administration and continuing for about 7 to 
8 hours. However, no further decline in either systolic 
or diastolic BP was seen in the high-dose period. 
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FIGURE 1. Twenty-four-hour blood pressure monitoring in the young hypertensive group during each period. D.B.P. = diastolic 
blood pressur=: $.8.P. = systolic blood pressure; $.D. = standard deviation. 
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TABLE II Changes in Blood Pressure and Pulse Rate in a Complete Day, Daytime and Nighttime 


(1) (1) (2) 
Control Treatment 1 Treatment 2 VS VS VS 
(1) (2) (3) (2) (3) (3) 


Whole Day 
















156 + 14 138 +11 139 + 18 + v NS 









Young 





Systolic BP 


Diastolic BP 96 +8 87 +9 88 + 10 f f NS 
Pulse rate 7l+11 75+ 13 80+ 8 NS i j 
Elderly Systolic BP 160 + 16 145 + 12 135 = 15 x * T 
Diastolic BP 84+ 6 7724 7445 * E T 
Pulse rate 68 +8 72+8 WL 7 NS NS NS 
















Young Systolic BP 160+ 15 143 + 14 145 + 16 t NS 
Diastolic BP 100 + 9 9l +11 92 +9 NS t NS 
Pulse rate 752413 792412 87 +9 NS t NS 
Elderly Systolic BP 163 + 14 150 + 10 141 +15 * £ NS 
Diastolic BP 86 +5 80 5 77 +6 g * NS 


Pulse rate 72+9 77 +9 75+8 





Young Systolic BP 147+ 19 128 + 11 127 +23 t i 















Diastolic BP 89+ 10 80 +7 80 =+ 13 j T NS 
Pulse rate 62+11 68 + 15 68 +7 NS NS NS 
Elderly Systolic BP 154 + 24 135 + 18 124 + 17 * s * 
Diastolic BP 78+ 10 70+7 66 +7 * s NS 
Pulse rate 60+ 9 62+7 62+8 NS NS NS 









*p <0.01; tp <0.05, 
Abbreviations as in Table I. 
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FIGURE 2. Twenty-four-hour blood pressure monitoring in the elderly hypertensive group during each period. Abbreviations as 
in Figure 1. 
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ELDERLY GROUP (FIGURE 2): For the elderly group, the 
pattern of circadian change in systolic BP in the control 
_ period appeased to be similar to that for the younger 
group. In thz low-dose period, systolic BP decreased, 
lasting for 7 D 8 hours after taking nifedipine. Further 
reductions in -ystolic BP were observed in the high-dose 
period, especially at 1100 or 0300 hours. 

Whole-da, daytime and nighttime blood pressure 
(Table ti and Figure 3, A and B): YOUNGER GROUP: The 
whole-day average of systolic BP in the control period 
significantly cecreased in the low-dose (p <0.01) and 
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high-dose (p <0.01) periods, but no significant reduc- 
tions were observed between the low-dose and high- 
dose periods. Diastolic BP change was similar to the 
change in systolic BP. Pulse rate significantly increased 
from the control to the high-dose periods, whereas no 
significant change was seen in the low-dose period. 
Daytime and nighttime reductions in BP showed 
comparable changes with the whole-day values; day- 
time or nighttime averages of systolic and diastolic BP 
significantly decreased from the control to the low-dose 
period. However, no further declines in BP were seen 
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FIGURE 3. Changes of average blood 
pressure and pulse rate (PR) after treat- 
ments 1 (TR1) and 2 (TR2) in the young 
and elderly groups. A, daytime (600 to 
2100 hours); B, nighttime (2130 to 530 
hours). Values are expressed as mean + 
standard deviation. Abbreviations as in 
Figure 1. *p <0.05; **p <0.01. 
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from the low- to the high-dose periods for either systolic 
or diastolic values. 

Elderly group: The average whole-day systolic BP 
significantly decreased from the control to the low-dose 
periods (p <0.05) and to the high-dose period (p 
<0.05). Average whole-day diastolic BP also showed 
significant decreases between the control and low- or 
high-dose periods. A further significant reduction in 
systolic BP was observed from the low- to the high-dose 
periods (p <0.01), but this decrease was not seen in 
diastolic BP. Pulse rate did not change significantly 
among any of the 3 periods. 

Although the average daytime systolic BP signifi- 
cantly decreased from the control to the low- and high- 
dose periods, no significant difference was observed be- 
tween the low- and high-dose periods. However, aver- 
age nighttime systolic BP showed a further reduction 
from the low- to the high-dose periods (p <0.01), but 
diastolic BP showed no further reduction from the low- 
to the high-dose periods. 


DISCUSSION 

The present study compared BP-lowering effects of 
low- and high-dose nifedipine tablets over 24 hours be- 
tween older and younger hypertensive patients. A simi- 
lar reduction of average whole-day BP was observed at 
low doses of nifedipine tablets (10 mg twice daily) in 
both younger and older groups. However, administra- 
tion of high doses (20 mg twice daily) led to a further 
reduction in the 24-hour average of systolic BP in the 
elderly group only, with no further reduction in the 
younger group. Separate analysis of the whole-day BP 
into daytime and nighttime values revealed that this 
further reduction of systolic BP after the administration 
of a high dose seen only in the elderly group was main- 
ly a reflection of a nighttime decrease. 

There are 3 possible explanations for further reduc- 
tion of BP after administration of the high dose in 
the elderly group: First, age-related pharmacokinetic 
changes due to a decreased rate of hepatic metabolism 
with aging may cause a larger BP reduction in the el- 
derly because of high concentration and prolonged half- 
lives of antihypertensive agents.*-’ We have previously 
reported greater maximal concentration and half-life 
time of nifedipine, associated with a larger reduction of 
BP in elderly hypertensive patients, compared with re- 
sults in younger hypertensive patients, even if patients 
had no overt hepatic or renal disease.® 

Second, a diminished sensitivity of the arterial and 
cardiopulmonary baroreceptor reflex with aging?! 
may bring about a further reduction in BP during the 
night after high-doses of nifedipine are given to elderly 
patients. Gribbin et al!? noted that bradycardia accom- 


panying an increase in BP, induced by intravenously 
injected phenylephrine, was reduced as the age of sub- 
jects increased. In agreement with their findings, pulse 
rate in our elderly group did not change from control to 
treatment 2, whereas a significant increase in pulse rate 
accompanied by a reduction in BP was observed in the 
younger group, suggesting a diminished baroreceptor 
reflex in the elderly group. Several animal!+!> and hu- 
man experiments!®!7 have demonstrated not only di- 
minished sensitivity of the baroreceptor heart-rate re- 
flex, but also a decrease of baroreceptor control of pe- 
ripheral circulation and BP. Third, the pathogenetic 
difference of hypertension between elderly and younger 
patients may be involved in the different BP-reducing 
actions of nifedipine. In younger patients, hypertension 
is often associated with a hyperdynamic circulation, 
preserved renal function and normal vascular resis- 
tance. In elderly patients, in contrast, hypertension is 
often accompanied by decreased cardiac output, nor- 
mal or low plasma volume, decreased renal function 
and increased vascular resistance.!® Therefore, based on 
the hemodynamic profiles of hypertension in the elderly 
and the mechanisms of action of calcium antagonists, 
some investigators!? insist that calcium antagonists are 
more suited to older patients rather than younger pa- 
tients. It is feasible that the exaggerated BP-lowering 
effect with high doses of nifedipine in the elderly group 
was brought about by a combination of the aforemen- 
tioned 3 mechanisms. Although it was not clear how a 
reduction in BP during the night influences the target 
organ damage and prognosis of the patients, caution 
should be paid to rapid overreduction of BP when doses 
of antihypertensive agents are increased in elderly hy- 
pertensive patients. 
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SYSTEMIC HYPERTENSION 


Effects of Hydrochlorothiazide, Diltiazem and 
Enalapril on Mononuclear Cell Sodium and 
Magnesium Levels in Systemic Hypertension 


Abraham S. Abraham, MD, Earry A. Brooks, PhD, Yisrael Grafstein, MD, 
Ester Barchilon, MD, Nafez Nubani, MD, Uri Eylath, PhD, and Ovadia Shemesh, MD 


Sixteen patients (mean age 68 years) with mild 


to moderate hypertension were treated with ei- 
ther diltiazem or hydrochlorothiazide for 6 
weeks, followed by enalapril for a further 6 
weeks. A second group of 40 patients (mean age 
71 years) was treated with either hydrochioro- 
thiazide or enalapril for 12 weeks; nonre- 
sponders received both drugs for 8 weeks. 
Treatment with hydrochlorothiazide or enalapril 
resulted in a lowering of systolic and diastolic 
blood pressures, but diastolic pressure was low- 
er in patients treated with enalapril (89 + 2 and 
82 + 2 mm Hg, respectively; p <0.05). Treat- 
ment with diltiazem resulted in a decrease in dia- 
stolic pressure only. Treatment with hydrochlo- 
rothiazide resulted in a 17% decrease in serum 
potassium (p <0.05), which returned to normal 
when enalapril was substituted. Hydrochlorothi- 
azide also produced a 23% decrease in mononu- 
clear cell sodium content at 4 weeks (p <0.01), 
with a further 15% decrease at 12 weeks (p 
<0.05). Mononuclear cell potassium and magne- 
sium also decreased at 12 weeks by 18 and 
16%, respectively (p <0.05). All these effects 
were reversed when enalapril was substituted. A 
similar pattern of events was seen with diltia- 
zem, which was again reversed with enalapril. 
Finally, there was no relation between changes 
in mononuclear cell sodium or other cation con- 
tent and changes in blood pressure. 

(Am J Cardiol 1991;:68:1357-1361) 
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tients! and after myocardial infarction? reduces 

both and the potassium and magnesium contents 
in mononuclear cells. It is not clear whether there is a 
true physiologic relation between changes in intracellu- 
lar electrolyte content and changes in blood pressure, or 
whether such changes are a response to other pharma- 
cologic factors. We attempted to examine such rela- 
tions in a clinically relevant situation by studying the 
time-related response to 3 pharmacologically different 
antihypertensive agents. In addition, we studied the ef- 
fect of the newer agents on intracellular electrolyte con- 
tent in elderly patients. 

The purpose of this study was to: (1) compare the 
effects of a calctum antagonist (diltiazem), a converting 
enzyme inhibitor (enalapril) and a thiazide diuretic 
(hydrochlorothiazide) on the mononuclear cell content 
of electrolytes in elderly patients (aged 260) with mild 
to moderate hypertension; (2) determine whether treat- 
ment with enalapril, alone or in combination with hy- 
drochlorothiazide, would reverse any changes in intra- 
cellular electrolyte content produced by either hydro- 
chlorothiazide or diltiazem alone; and (3) determine 
what extent changes in blood pressure in response to 
single or combination therapy could be related to 
changes in intracellular electrolyte content. 


P rolonged diuretic therapy in hypertensive pa- 


METHODS 

Two separate studies were performed on 2 different 
groups of geriatric patients with mild to moderate es- 
sential hypertension. Exclusion criteria included: dia- 
stolic pressure 2120 mm Hg; ongoing diuretic therapy 
for cardiac failure; contraindications for therapy with 
any 1 of the 3 drugs in question; unstable angina pecto- 
ris, or recent (1 month) history of myocardial infarction 
or stroke; and blood urea nitrogen 240 mg/dl. The 
studies were approved by the Hospital Helsinki Com- 
mittee, and all patients gave written informed consent. 

In both studies, all treatment with antihypertensive 
drugs, diuretics, calcium antagonists or converting en- 
zyme inhibitors were stopped for a period of 2 weeks. 
Supine blood pressure was measured weekly in the 
same arm. Patients with diastolic pressure 295 mm Hg 
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at the end œ this period were included in the study. 
Venous blocd was withdrawn for routine hematology 
and biocherrstry. In particular, blood samples were ob- 
tained for :1e measurement of sodium, potassium, 
magnesium aad calcium in both the serum and the mo- 
nonuclear ceL.? In the first study blood was withdrawn 
on entry, am again at 6 and 12 weeks; in the second 
study, on entry, and again at 4 and 12 weeks. 

Study protocol: stupy 1: Patients who met the ad- 
mission criteria at the end of the washout period were 
computer-ra~domized in 2 groups to receive either hy- 
drochlorothiazide or diltiazem for 6 weeks, the daily 
dose of the drug being titrated to achieve a diastolic 
pressure <S0 mm Hg. Average daily dose of the 2 
drugs was 25 and 240 mg, respectively. At the end of 6 
weeks, all patients were treated with enalapril only for a 
further 6 wzeks, again titrated to keep the diastolic 
pressure <92 mm Hg. Average daily dose was 10 mg. 

STUDY 2: In this study patients who met the admis- 
sion criteria =t the end of the washout period were ran- 


domized into group A (hydrochlorothiazide) or B (ena- 
lapril). Treatment was initially for 4 weeks during 
which the daily dose of either drug was increased week- 
ly to a maximum of 25 and 20 mg, respectively, aiming 
at achieving a diastolic blood pressure <90 mm Hg. 
Patients whose blood pressure did not reach this level at 
the end of 4 weeks were classified as “nonresponders” 
and formed a third group (C) to receive both enalapril 
(10 mg daily) and hydrochlorothiazide (12.5 mg). The 
treatments for both groups of “responders” (A and B) 
and for the group of nonresponders (C) were then con- 
tinued for a further 8 weeks. 

Statistical analysis was performed using Student’s t 
test for paired and unpaired observations. 


RESULTS 

Study 1: Sixteen patients constituted this study (8 
patients per group). Mean age was 68 years (range 66 
to 74) for patients in group 1 (hydrochlorothiazide), 
and 72 years (range 65 to 80) for group 2 (diltiazem). 
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FIGURE 1. Blood pressure 
and mononuclear cell cation 
levels in patients treated with 
either hydrochlorothiazide or 
diltiazem for 6 weeks, fol- 
lowed by enalapril for 6 
weeks. 
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Study 2: Forty patients constituted this study (19 in 
group A, 8 men and 11 women, average age 71 years 
[range 61 to 87], and 21 in group B, 11 men and 10 
women, average age 73 years [range 63 to 85]). Thir- 
teen patients (5 from group A and 8 from B, 3 men 
and 10 women, average age 70 years [range 61 to 84]) 
were nonresponders (C). Thus, 14 patients completed 
the study on hydrochlorothiazide, 13 on enalapril and 
13 on both drugs. 

Effect on blood pressure: stupy 1: The effects on 
blood pressure are shown in Figure 1. Treatment with 
diltiazem resulted in a significant decrease in diastolic 
pressure only (162 + 4/101 + 2 to 156 + 4/82 + 10 
mm Hg; p <0.05), whereas systolic and diastolic pres- 
sures were reduced with hydrochlorothiazide (158 + 
5/101 + 2 to 144 + 5/89 + 3 mm Hg; p <0.001). 
When enalapril was substituted for these 2 drugs, sys- 
tolic pressure in patients previously receiving diltiazem 
decreased significantly (156 + 4 to 149 + 3 mm Hg: p 
<0.05) with no further change in diastolic pressure. 
There was no change in blood pressure in the group 
who had previously received hydrochlorothiazide. 

sTUDY 2: Blood pressure decreased in groups A (hy- 
drochlorothiazide) and B (enalapril) after 4 weeks (184 
+ 3/108 + 2 to 156 + 4/94 + 2, and 190 + 4/110 + 
1 to 163 + 4/94 + 2 mm Hg, respectively; p <0.001) 


FIGURE 2. Blood pressure and:mo- 
nonuclear cell cation levels in pa- 
tients treated with either hydrochlo- 
rothiazide or enalapril for 12 
weeks. 
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TABLE I Mononuclear Cation Content (fmol/cell; meen + SE) 
in 56 Patients with Mild to Moderate Hypertension and in 11 
Control Subjects 


Control Subjects Pts. with Hypertension 


3.33 + 0.37 
40.2 + 3.7 
Magnesium 3.99 + 0.33 3.90 + 0.12 
Calcium 3.22 + 0.,37* 2.96% 0.13* 


*p <0.05. 
SE = standard error. 


with no further decrease after 12 weeks (Figure 2). 
However, after 12 weeks, group B had a significantly 
lower diastolic pressure than A (82 + 2 vs 89 + 2mm 
Hg; p <0.05). Blood pressure decreased in group C 
(nonresponders) after 8 weeks of combined therapy 
(group A: 180 + 3/98 + 8 to 158 + 5/92 + 3 mm 
Hg; and group B: 181 + 2/100 + 4 to 163 + 3/94 + 
2mm Hg; p <0.001). 

Serum values: sTUDY 1: No changes were seen 
throughout the study in serum glucose, blood urea ni- 
trogen, creatinine or cholesterol with either diltiazem or 
enalapril. At 6 weeks patients receiving hydrochlord- 
thiazide had a 28% increase in serum uric acid (p 
<0.001) that returned to normal when enalapril was 
substituted (p <0.005). Serum potassium decreased by 
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17% (p <0.C5) after 6 weeks in patients receiving hy- 
drochlorothiezide, and also returned to normal when 
enalapril was substituted (p <0.05). 

STUDY 2: Patients receiving hydrochlorothiazide for 
12 weeks alsc had a 17% increase in serum uric acid (p 
<0.05), whereas those with combined therapy did not. 
No changes a serum electrolytes were observed. 

Mononuckear cells: Table I shows that there was no 
significant di erence in the mononuclear cell content of 
sodium, potassium, magnesium or calcium between the 
56 mild to mcderate hypertensive patients before treat- 
ment and ar age-matched group of 11 normotensive 
control subje=s. 

STUDY 1 (T GURE 1): The mononuclear cell sodium 
content decreased by 37% in patients receiving hydro- 
chlorothiazid= (p <0.01), returning to normal when 
enalapril was substituted. There was an 18% reduction 
in intracellulac sodium in patients receiving diltiazem, 


but this was not statistically significant. There was also 
a trend for mononuclear cell potassium, magnesium or 
calcium to decrease during 6 weeks of therapy with hy- 
drochlorothiazide or diltiazem; this was reversed with 
enalapril. 

STUDY 2 (FIGURE 2): The mononuclear cell sodium 
content decreased by 23% at 4 weeks (p <0.01) with a 
further 16% decrease at 12 weeks (p <0.05). Similarly, 
both intracellular potassium and magnesium decreased 
at 12 weeks (18 and 16%, respectively; p <0.05). 
Treatment with enalapril resulted in a 37% increase in 
intracellular calcium at 4 weeks (p <0.05) with a fur- 
ther but nonsignificant increase at 12 weeks. Magne- 
sium increased by 15% at 12 weeks (p <0.01). 

NONRESPONDERS (FIGURE 3): Patients receiving hydro- 
chlorothiazide had a 26% reduction in mononuclear cell 
sodium content (p <0.06). In combination with enala- 
pril, this trend was reversed, and mononuclear cell po- 
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FIGURE 3. Blood pressure 
and mononuclear cell cation 
levels in patients treated with 
either hydrochlorothiazide or 
enalapril for 4 weeks. Be- 
cause blood pressure did not 
decrease, patients were then 
treated with a combination of 
both drugs for a further 8 
weeks. 


BOTH DRUGS 


1360 THE A«ERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 15, 1991 


r 


tassium content was also increased. Opposite trends 
were seen in patients who received enalapril before hy- 
drochlorothiazide. 


DISCUSSION 

Patients with severe heart failure treated with enala- 
pril for 12 weeks have no change in their mononucle- 
ar cell cation content,* and Enalapril also reverses hy- 
drochlorothiazide-induced hypokalemia.» The present 
study shows that treatment with enalapril reverses the 
hydrochlorothiazide-induced loss of intracellular cat- 
ions. This is true whether Enalapril was substituted for 
(Figure 1) or combined with (Figure 3) hydrochlorothi- 
azide. In a preliminary study Malini et al’ showed that 
a combination of enalapril and a thiazide diuretic pre- 
vents the reduction in mononuclear cell magnesium 
content seen with the thiazide diuretic alone. 

Our study also shows that enalapril alone or in com- 
bination with a diuretic can produce adequate reduc- 
tion of blood pressure without affecting intracellular 
cation content. Most striking is the reversal of the thia- 
zide-induced decrease in intracellular sodium content 
by enalapril (Figure 1) with no concomitant increase in 
blood pressure. Furthermore, no consistent relation was 
found between changes in intracellular cation content 
and blood pressure. Araoye et al® have also shown that 
decreasing blood pressure does not affect intracellular 
cation content. Therefore, it is difficult to explain the 
changes in intracellular content as either a cause or an 
effect of changes in blood pressure. 

It has been suggested that elderly hypertensive pa- 
tients are less sensitive to converting enzyme inhibitors.? 


The results of toth our studies show that in an elderly 
group of mild to moderate hypertensive patients, all 3 
drugs were successful in reducing blood pressure, with 
>75% of these patients requiring only single drug ther- 
apy. All 3 drugs were well-tolerated with no side ef- 
fects. In particular, the effect of combined therapy with 
enalapril and hydrochlorothiazide produced a signifi- 
cant reduction in blood pressure without any adverse 
effects on intracellular cation content. 


REFERENCES 


1. Abraham AS, Meshulam Z, Rosenmann D, Eylath U. Influence of chronic 
diuretic therapy on serum, lymphocyte and erythrocyte potassium, magnesium 
and calcium concentrations. Cardiol 1988;75:17-23. 

2. Abraham AS, Rosenmann D, Meshulam Z, Balkin J, Zion MM, Eylath U. 
Intracellular cations and diuretic therapy following acute myocardial infarction. 
Arch Intern Med 1986;,146:1301-1303. 

3. Weissberg N, Brooks BA, Schwartz G, Eylath U, Abraham AS. A routine 
method for the measurement of the sodium, potassium, magnesium: and calcium 
content of human lymphocytes. Clin Chim Acta 1990:187:281-288. 

4. Abraham AS, Balkin J, Rosenmann D, Brooks BA, Eylath U, Zion MM. 
Effects of enalapril on lymphocyte sodium, potassium, magnesium and calcium 
levels in patients with severe congestive heart failure. Cardio! 1988;75;338-343. 
5. Vidt DG. A controlled multiclinic study to compare the antihypertensive effects 
of MK421, hydrochlorcthiazide and MK 421 combined with kydrochlorothiazide 
in patients with mild to moderate hypertension. J Hypertens 1984;2(supp! 
2):31~-88. 

6. Viasses PH, Rotmensch HH, Swanson BN, Irvin JD, Lee RB, Koplin JR 
Ferguson RK. Comparative antihypertensive effects of enalapril maleate 
and hydrochlorothiazide, alone and in combination. Clin Pharmacol 1983;23: 
227-233. 

7. Malini PL, Strocechi E, Valtancoli G, Ambrosioni E. Angiotensin converting 
enzyme inhibitors, thiezide diuretics and magnesium balance. A preliminary 
study. Magnesium Res 1990;3:193-196. 

8. Araoye MA, Khatri IM, Yao LL, Freis ED. Leukocyte intracellular cations in 
hypertension: effect of antihypertensive drugs. Am Heart J 1978;96:73 1-738. 
9. Massie BM. Demographic considerations in the selection of antihypertensive 
therapy. Am J Cardioi 1987;60(suppl):1211-1261. 


MONONUCLEAR CELL CATIONS IN HYPERTENSION 1361 


Response to Mental and Physical Stress Before 
and During Adrenoreceptor Blocker and 
Angiotensin-Converting Enzyme Inhibitor 

Treatment in Essential Hypertension 


Esther Paran, MD, Lily Neumann, PhD, Natalio Cristal, MD, 
and David T. Lowenthal, MD, PhD 


The effects >f mental, static and dynamic stress- 
es on physislogic parameters before and after (- 
blocker (n = 24) and angictensin-converting en- 
zyme inhibitor (n = 29) treatment were exam- 
ined. Mental stress induced similar elevation in 
systolic and diastolic blood pressures (BPs) with 
and without 8-blocker treatment. During angio- 
tensin-converting enzyme inhibitor treatment, 
the change in systolic BP was significantly great- 
er (p <0.05 . Heart rate response was attenu- 
ated by 6 biackers and unchanged by the angio- 
tensin-converting enzyme inhibitor. Skin tem- 
perature and galvanic skin resistance significant- 
ly decreased (p <0.05) with mental stress. Beta 
blockers diz not change the response pattern, 
whereas the angiotensin-converting enzyme in- 
hibitor attenuated the stress-induced reduction 
of both skis temperature and galvanic skin re- 
sponse. After handgrip exercise, increases in 
systolic and diastolic BPs and heart rate were 
similar befere and after 8-blocker treatment, 
whereas the angiotensin-converting enzyme in- 
hibitor induced small but significantly fewer (p 
<0.05) chamges in diastolic BP and heart rate. 
Treadmill e<ercise induced similar changes in 
systolic and diastolic BPs with both treatments 
compared with no treatment. The angiotensin- 
converting enzyme inhibitor appears to provide 
additional protection to that seen with 8 blockers 
during mertal and static stressors by blunted 
changes in skin temperature and galvanic skin 
resistance. 

(Am J Cardiol 1991:68:1362-—1366) 
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ing the day in response to mental and physical 
activity.!* This change is exaggerated in hyper- 
tensive populations.?~© The partial contribution of men- 
tal or physical stress to average BP levels*~’ varies ac- 
cording to socioeconomic, ethnic, cultural and personal 
factors. Development of persistent hypertension as a 
consequence of stressful stimuli is still a matter of con- 
troversy. 8 
Many studies have attempted to evaluate the hemo- 
dynamic effect of psychological and physical stressors 
in a systematic fashion in the laboratory.?-! Some con- 
centrated on the patterns of response; others on the 
magnitude of change of the different parameters. It is 
not yet clear whether the responses to psychological or 
physical stressors in research settings correlate with the 
responses encountered in real life situations.!#:!3 Some 
investigators believe that cardiovascular reactivity may 
predict future development of hypertension in normo- 
tensive high-risk subjects,!4-'!© whereas others are un- 
able to observe such predictive value.!7? Response pat- 
terns to simulated stressors in treated hypertensive pa- 
tients are even more obscure and difficult to interpret.!® 
It is accepted that antihypertensive agents should re- 
duce BP not only at rest but also during exposure to 
stress. There are few studies on the response pattern of 
physiologic parameters to experimental psychological 
stress and how this response is modified by different 
antihypertensive medications. Therefore, we decided to 
pool data obtained in our laboratory during the last 3 
years on patients before and after treatment with 4 dif- 
ferent -adrenergic blocking drugs and 1 angiotensin- 
converting enzyme inhibitor. 


B lood pressure (BP) and heart rate change dur- 


METHODS 

Subjects: Fifty-three men (age range 25 to 50 
years) with mild hypertension were selected from the 
Outpatient Hypertension Clinic at the Soroka Medical 
Center. Hypertension was diagnosed if sitting cuff 
readings of =140/95 mm Hg (Korotkoff phase v) were 
obtained on =3 separate visits, 2 weeks after discontin- 
uation of any antihypertensive medication. Secondary 
hypertension was excluded by routine investigation, as 


1362 THE 4VERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 15, 1991 


TABLE ! Effect of Mental Stress on Various Parameters Before and After Antihypertensive Treatments (mean levels) 


No Treatment 


Parameters 


Systolic BP 
(mm Hg) 
Diastolic BP 
(mm Hg) 
Heart rate 
Temp. (°C) 
GSR decrease (%) 


*p <0.05 cempared with no treatment and with B blockers. 


tp <0.05 compared with no treatment and with angiotensin-converting enzyme inhibitor. 


Beta Blockers 


Angiotensin-Converting Enzyme Inhibitor 


Systolic and diastolic blood pressures and heart rate increased significantly tp <0.05) from baseline to maximal values in each treatment group. 
BL = baseline; BP = blood pressure; GSR = galvanic skin resistance; Max. = maximal value; Temp. = temperature; A = maximal value-baseline. 


well as target organ involvement. Informed written con- 
sent was obtained from each patient and the protocol 
was approved by the Hospital’s Ethics Committee. 
Protocol: Each patient started a 2-week, single- 
blind, placebo washout treatment. During this period 
he was evaluated on 3 separate visits. The diagnosis 
of hypertension was established. Full medical history, 
complete physical examination, laboratory test, electro- 
cardiography and chest x-ray were performed. The “8 
blocker group” (24 patients) at the end of the washout 
period entered a double-blind treatment with | of the 
following drugs: bopindolol (1 mg), atenolol (SO mg), 
labetalol (400 mg) or propranolol (160 mg) for 2 
weeks, A 2-week, single-blind, second washout period 
followed; then, a different 8 blocking drug was admin- 
istered in double blind manner for 2 additional weeks. 
The angiotensin-converting enzyme inhibitor group (29 
patients) was treated with enalapril (20 mg) for 4 
weeks, On the last day of the washout period, and on 
the last day of each drug period, the patient underwent 
the following 3.5-hour evaluation. The patient arrived 
at the laboratory after consuming a light breakfast free 
of tea, coffee or cigarettes. After 30 minutes of rest a 
sitting baseline was obtained: BP and heart rate were 
measured. After the baseline evaluation, the response to 
psychological stress was examined by a mental arith- 
metic test.!5 The patient performed sequential subtrac- 
tion of a 2-digit number from a 4-digit number. He 
was urged to perform as best as he could. Every minute 
a new exercise was started and the end of each minute 
was marked by a loud clock ring. The difficulty of the 
test was adjusted according to each subjects’ back- 
ground. This test lasted for 5 minutes, and was fcllowed 
by a 10-minute relaxation period. During each minute 
of the test and twice during the relaxation, BP and 
heart rate were measured. Galvanic skin resistance!’ 
and peripheral skin temperature were continuously re- 
corded with the aid of a specially developed physiologic 
processor (Atlas Research Industries). After 30 min- 
utes of rest, a static handgrip exercise was performed in 





the sitting position. Maximal voluntary static contrac- 
tion was determined 10 minutes before the test. The 
average contraction was calculated from 2 consecutive 
maximal handgrip attempts. The subjects performed a 
sustained 50% of the maximal voluntary contraction for 
3 minutes. BP and heart rate were measured every 
minute. After 30 minutes of rest, a treadmill exercise 
test was performed according to the modified Bruce 
protocol. The electrocardiogram was monitored contin- 
uously, and BP and heart rate were recorded every 2 
minutes. The test was terminated when the patient 
reached maximal capacity, or maximal allowed heart 
rate, or if he stopped the exercise for any other reason. 

The SPSS program was used for paired compari- 
sons of mean values (Student’s ¢ test). Analysis of vari- 
ance for crossover designs was applied to ensure the 
lack of effect of the treatment administration sequence 
on our results. 


RESULTS 

Despite the differences in the mechanism of action 
of the 4 8 blockers, the patterns of findings for each 
treatment were similar. Therefore the final results were 
aggregated and presented as the mean of 1 §-blocker 
treatment group. Furthermore, these results were com- 
pared with those of the angiotensin-converting enzyme 
inhibitor treatment group. 

Table I lists baseline and maximal values of the var- 
ious parameters during the mental stress test. The ef- 
fect of mental stress was evaluated before and after the 
2 antihypertensive treatments. Both treatment regimens 
reduced baseline systolic BP significantly (p <0.05), al- 
though 8 blockers reduced it more than the angioten- 
sin-converting enzyme inhibitor (p <0.05). The base- 
line diastolic BP was significantly (p <0.05) reduced by 
6 blockers only. Systolic and diastolic BPs and heart 
rate increased significantly (p <0.05) from baseline to 
maximum after mental stimuli, and before and after 
each of the 2 treatment regimens. The change (A) in 
systolic BP (baseline to maximum) was similar before 
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TABLE II Eff==t of Handgrip Exercise on Blood Pressure and 
Heart Rate Bore and After Antihypertensive Treatments (mean 
levels) 


Angiotensin- 
Converting 
Enzyme Inhibitor 


~2 Treatment Beta Blockers 


A BL Max. A BL Max. A 
27 130 153 23 141 166 


Parameters =. Max. 


Systolic BP 148 175 
{mm Hg) 
Diastolic BP 
(mm Hg) 
Heart rate 76 94 18 66 82 16 79 90 


*p <0.05 commered with no treatment and with B blockers. 

Systolic and diastolic blood pressures and heart rate increased significantly (p <0.05) 
from baseline to rsximal values in each treatment group, 

Abbreviations a’ n Table |. 


38 119 21 86 105 19 92 99 


TABLE fll Efect of Treadmil] Exercise on Blood Pressure and 
Heart Rate Bemre and After Antihypertensive Treatments (mean 
levels} 


Angiotensin- 
Converting 
Enzyme Inhibitor 


‘© Treatment Beta Blockers 


Max. A BL Max. A BL Max. A 


Systolic BP 36 128 160 32 136 177 
(mm Hg) 
Diastolic BP 5 88 94 6 92 99 
(mm Hg) 


Heart rate 98 67 131 64* 98 183 


oe <0.05 comzared with no treatment and with angiotensin-converting enzyme 
inhibitor 
Systolic and diastolic blood pressures and heart rate increased significantly (p < 0.05) 


from baseline to mæzimal values in each treatment group. 
Abbreviations as n Table |. 





and during 6-blocker treatment and significantly (p 
<0.05) highe- with the angiotensin-converting enzyme 
inhibitor. Méximal systolic BP level was significantly (p 
<0.05) reduced by 8 blockers only. Maximal diastolic 
BP decreasec with both treatments (p <0.05). In- 
creases from baseline to maximal (A) levels did not dif- 
fer significantly. Both baseline and maximal heart rate 
values were 3.gnificantly reduced with 8 blockers only 
(p <0.05). Beta blockers also decreased the effect of 
the mental test on heart rate. Baseline and maximal 
levels of perinheral skin temperature (Table I) were 
higher durirg both treatment periods than without 
treatment (p <0.05). Mental stress induced a signifi- 
cant decrease in skin temperature before and during £- 
blocker treatment (p <0.05). No significant decrease 
was recordec after treatment with an angiotensin-con- 
verting enzyme inhibitor. The relative changes of gal- 
vanic skin response from baseline to maximal levels are 
listed in Tab-e I. The greatest change occurred be- 
fore treatmext. Both treatments reduced this change, 
but angiotensmn-converting enzyme inhibitors produced 
more of a chenge than 8 blockers (p <0.05). 
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Table IT summarizes the effect of handgrip exercise 
test on BP and heart rate. Baseline and maximal systol- 
ic BP levels were significantly reduced with both treat- 
ments (p <0.05). However, the changes from baseline 
remained similar. Baseline and maximal diastolic BP 
levels were also significantly decreased with both treat- 
ments (p <0.05). During treatment with the angioten- 
sin-converting enzyme inhibitor, a significantly (p < 
0.05) smaller change from baseline (A) was observed 
compared with 8 blockers and no treatment. Beta 
blockers significantly reduced both baseline and peak 
levels of heart rate (p <0.05). However, the change 
from baselire to maximal (A) levels was significantly 
less during treatment with angiotensin-converting en- 
zyme inhibitor (p <0.05). 

The effects of treadmill exercise test on systolic and 
diastolic BPs and heart rate are listed in Table III. 
Baseline and maximal levels of systolic and diastolic 
BPs were significantly (p <0.05) reduced with both 
treatments. However, changes from baseline to maxi- 
mal levels remained similar during the period without 
treatment as well as during both treatments. Baseline 
heart rate significantly increased (p = 0.05) with angio- 
tensin-converting enzyme inhibitor therapy. Maximal 
heart rate significantly decreased (p <0.001) during £- 
blocker treatment. The lowest change in heart rate 
from baseline to maximal levels was observed with 8- 
blocker treatment (p <0.05). 


DISCUSSION 

The impact of everyday life stress on the sympa- 
thetic nervous system can be simulated and assessed in 
the laboratory by way of mental and physical stress 
tests. Our results confirm this hypothesis because all 
the physiologic parameters changed significantly from 
baseline under each stimulus. The variability in the 
responses of all subjects was low. Beta blockers and 
the angiotensin-converting enzyme inhibitor significant- 
ly reduced systolic and diastolic BPs at rest. Heart rate 
was reduced by @ blockers only. 

Mental stress induced an elevation in systolic and 
diastolic BPs with and without 6-blocker treatment, as 
previously reported by Eliasson et al.2° In both studies, 
the different 8 blockers produced similar results. Dur- 
ing angiotensin-converting enzyme inhibitor treatment, 
the absolute change in systolic BP was significantly 
higher, whereas in diastolic BP it was lower. Heart rate 
reactivity was attenuated with 6 blocker therapy, and 
unchanged with angiotensin-converting enzyme inhibi- 
tor. Very simular patterns of response were reported in 
other studies.!*:29-23 Falkner et al?425 showed blunted 
BP and heart rate responses with metoprolol and cloni- 
dine, but not with hydrochlorothiazide in adolescent hy- 
pertensive patients. 
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The present study evaluated 2 additional indicators 
of mental stress: skin temperature and galvanic skin re- 
sistance. Both parameters were significantly affected by 
mental stress: skin temperature decreases, probably by 
adrenergic-receptor induced vasoconstriction in superfi- 
cial vessels of the skin. Galvanic skin response changes 
in the same direction and this change is related to in- 
creased perspiration, although the underlying mecha- 
nism is not well understood. Divergent effects of 8 
blockers and angiotensin-converting enzyme inhibitor 
treatments on these parameters were observed. Beta 
blockers did not change the response pattern compared 
with no treatment, whereas the angiotensin-converting 
enzyme inhibitor attenuated the stress-induced reduc- 
tion of both skin temperature and galvanic skin re- 
sponse. 

Handgrip exercise induced significant increases 
in both BP and heart rate. Beta-blocker treatment, 
while reducing baseline and peak levels, did not block 
the pressor response to static exercise, since the abso- 
lute increments of systolic and diastolic BPs and heart 
rate were similar before and after treatment. Similar 
findings were reported with central and peripheral a- 
receptor blocking drugs as well as with 8 blockers.*7 
On the other hand, enalapril significantly reduced 
changes in diastolic BP and heart rate. McInnes et al? 
report similar findings with calcium antagonist treat- 
ment. However, in studies of normotensive.subjects, no 
change was found in the response to static stimulus af- 
ter angiotensin-converting enzyme inhibitor administra- 
tion or nifedipine treatment.2%2? 

During treadmill exercise both 8-blocker and an- 
giotensin-converting enzyme inhibitor treatments re- 
duced baseline and maximal systolic and diastolic BPs. 
However, the exercise-induced absolute changes re- 
mained similar with both treatments compared with no 
treatment. Beta-blocker treatment significantly reduced 
baseline, maximal heart rate and its change from base- 
line compared with no treatment. Other studies report 
similar findings regarding 8 blockers.?947 After an- 
giotensin-converting enzyme inhibitor treatment, rest- 
ing and maximal systolic BP levels decreased, whereas 
diastolic BP levels were not significantly reduced, and 
resting and maximal heart rate were slightly elevated. 
Different studies on angiotensin-converting enzyme in- 
hibitors report conflicting findings.2820.3! 

Active hypertensive patients are endangered not 
only by elevated BP at rest, but also by its frequent 
elevations due to everyday stressful situations. Thus, the 
aim of any antihypertensive treatment is to attenuate 
this risk. In our study, both 8 blockers and an angioten- 
sin-converting enzyme inhibitor provided considerable 
protection during rest and peak exercise. The absolute 
change (from baseline to maximum) under all stressful 


stimuli was unaffected by 6-blocker treatment. How- 
ever, the angiotensin-converting enzyme inhibitor treat- 
ment attenuated some of these changes. The main ef- 
fect of a angiotensin-converting enzyme inhibitor is to 
reduce total peripheral resistance. Therefore, during 
static exercise —- a powerful stimulus for the elevation 
of total peripheral resistance — the angiotensin-con- 
verting enzyme inhibitor indeed reduced the change in 
diastolic BP and in heart rate. The clinical significance 
of the modified response in skin temperature and gal- 
vanic skin response by the angiotensin-converting en- 
zyme inhibitor has not yet been elucidated, but may be 
related to a more substantial blocking of angiotensin II 
than occurs with 6 blockade. Because both parameters 
are sensitive indicators of mental stress, the attenuation 
of the response by angiotensin-converting enzyme in- 
hibitors is possibly beneficial for the patient. 
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VALVULAR HEART DISEASE 


Clinical and Anatomic Observations in Patients 
Having Mitral Valve Replacement for 
Mitral Stenosis and Simultaneous 
Tricuspid Valve Replacement 


Erik A. Eways, BS,* and William C. Roberts, MD 


Certain clinical and morphologic findings are de- 


scribed in 67 patients (aged 23 to 76 years 
[mean 52]; 55 women [82%]) who had mitral 
valve replacement for mitral stenosis (with or 
without associated regurgitation), and simulta- 
neous tricuspid valve replacement for pure tri- 
cuspid regurgitation (58 patients) or tricuspid 
stenosis (all with associated regurgitation; 9 pa- 
tients). Of the 58 patients with pure tricuspid re- 
gurgitation, 21 had anatomically normal and 37 
had anatomically abnormal (diffusely fibrotic 
leaflets) tricuspid valves. Among these 58 pa- 
tients, no clinical or hemodynamic variable was 
useful before surgery in distinguishing the group 
without from that with anatomically abnormal 
tricuspid valves. All 9 patients with stenotic tri- 
cuspid valves had anatomically abnormal tricus- 
pid valves. The latter group had a lower average 
right ventricular systolic pressure (tricuspid 
valve closing pressure) than those with pure tri- 
cuspid regurgitation, and none had severe pul- 
monary arterial hypertension (present in 20 
[30%] of the 58 patients with pure tricuspid re- 
gurgitation). 

(Am J Cardiol 1991;68:1367-—1371) 
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mitral valve disease have tricuspid valve dys- 

function. Consequently, some patients under- 
going mitral valve replacement or repair operations for 
primary mitral disease also have tricuspid valve replace- 
ment or other operative procedures performed on the 
right-sided atrioventricular valve. Among surgeons who 
perform many cardiac valve operations yearly, some 
rarely replace the tricuspid valve and others do so rela- 
tively frequently. If the tricuspid valve is stenotic, the 
decision is relatively easy; if it is purely regurgitant, the 
decision is more difficult. In the latter circumstance, the 
tricuspid valve leaflets may be anatomically abnormal, 
normal or virtually normal. In this report we focus on 
the frequency and type of structural abnormality of the 
tricuspid valve in patients having simultaneous replace- 
ment of both mitral and tricuspid valves for mitral ste- 
nosis and tricuspid valve dysfunction (either pure re- 
gurgitation or stenosis [with or without regurgitation]). 


A significant percentage of patients with primary 


METHODS 

Patients studied: In the Surgery Branch of the Na- 
tional Heart, Lung, and Blood Institute from Septem- 
ber 1963 to December 1989, a total of 113 patients 
>20 years of age underwent simultaneous replacement 
of the native mitral and tricuspid valves without aortic 
valve replacement at any time. Of the 113 patients, 11 
were excluded from further analysis because a peak 
systolic pressure gradient between the left ventricle and 
a systemic artery >10 mm Hg was present. Another 18 
patients were excluded because either the operatively 
excised tricuspid and mitral valves were not available 
for reexamination or photographs of these operatively 
excised valves were unavailable. Of the remaining 84 
patients, 67 had mitral stenosis and 17 had pure mitral 
regurgitation. This report focuses on the 67 patients 
with mitral stenosis. Thirty-two (48%) of the 67 pa- 
tients previously had valvular commissurotomy opera- 
tions: mitral valve only (28 patients), tricuspid valve 
only (2), and both mitral and tricuspid valve commis- 
surotomy (2). None of the 67 patients had a previous 
anuloplasty procedure on either the tricuspid or mitral 
valve. 
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Year of operation and surgeon: The 67 valve re- 
placement operations were performed by 6 different 
surgeons during the following time periods: 1963 to 
1965 (1 patient); 1966 to 1970 (13); 1971 to 1975 
(20); 1976 to 1980 (16); 1981 to 1985 (10); and 1986 
to 1989 (7). 

Classifications and definitions: The clinical records 
of all 67 patients were reviewed. The operatively ex- 
cised valves had all been examined and classified initial- 
ly by WCR. Of the 134 operatively excised valves in 
the 67 patients, 62 were reexamined, and photographs 
of the other 72 were examined. The original description 
of the operatively excised valve by WCR was reviewed 
in all 67 patients. 

The patients were divided into 3 groups on the basis 
of valvular function and structure (Table I). The leaf- 
lets in all stenotic valves (both mitral and tricuspid) 
were diffusely fibrotic, and the mitral leaflets were of- 
ten focally calcified. Calcific deposits were absent in all 
stenotic tricuspid valves. Nonstenotic, purely regurgi- 
tant tricuspid valves considered anatomically abnormal 
were also diffusely fibrotic, but their orifices were non- 
stenotic. Tricuspid valves considered anatomically nor- 
mal were free of diffuse leaflet or chordal thickening; 
some had small focal leaflet thickenings involving | or 2 
leaflets. (These focal thickenings were considered con- 
sequences of increased right ventricular systolic or clos- 
ing pressure on the leaflets.) All patients with mitral 
stenosis were considered to have rheumatic heart dis- 
ease. Mitral and tricuspid stenoses were confirmed in 
all patients by cardiac catheterization before surgery. 
All 67 patients had right- and left-sided cardiac cathe- 
terization during the 6 weeks preceding simultaneous 
replacement of the native mitral and tricuspid valves. 
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15/23 
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21/55 29/45 


(38%) 


10/29 
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pulmonary artery wedge; RV = right ventricle; RVSP = right ventricular peak systolic 
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(%) 
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2 (10) 
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2 (22) 
7 (10) 


4 (19) 
16 (43) 
O (0) 
20 (30) 


(%) 


5 (24) 
7 (19) 
2 (22) 
mitral valve; PAW 


117/12 
117/14 
121/13 
118/13 14 (21) 


RV (s/d) LV (s/d) RVSP <40 RVSP >70 LVSP >140 


61/11 
68/13 
47/10 
63/12 


29 
35 
32 
33 


V 
Mean Wave Mean Wave Average Average (%) 


22 
26 
19 
23 


21 
22 
20 
21 


V 
tricuspid valve; VR = valve replacement. 


Pressures (mm Hg) 
Right Atrium PAW or LA 


4 (19) 12 
14 
13 
13 
mitral stenosis (with or without mitral regurgitation); MV 


8 (22) 
O (0) 
12.(18) 


RESULTS 

Certain clinical, hemodynamic and morphologic 
findings in the 67 patients {55 women [82%]) are listed 
in Table I, and some valves are illustrated in Figures 1 
to 5. Of the 67 patients, 9 {14%) had associated tricus- 
pid valve stenosis (group 3) and, consequently, anatom- 
ically abnormal tricuspid valves; 58 (86%) had pure tri- 
cuspid valve regurgitation, 21 (31%) with anatomically 
normal (group 1) and 37 (55%) with anatomically ab- 
normal tricuspid valves (group 2). No significant differ- 
ences among ihe 3 groups were observed before surgery 
in mean right atrial pressure, average right atrial peak 
V wave, percentage of patients with peak right ventric- 
ular systolic pressure <40 mm Hg, peak left ventricu- 
lar systolic pressure, percentage of patients with peak 
left ventricular systolic pressure >140 mm Hg, average 
peak systemic arterial systolic pressure, and mean and 
average V wave in the pulmonary artery wedge position 
or left atrium. Patients in group 3 (mitral and tricuspid 


9 (100) 


25-76 (54) 29 (78) 
67 (100) 23-76 (52) 55 (82) 


23-75 (54) 17 (81) 
29—55 (40) 


Age (yrs) 
(mean) 
tricuspid regurgitation; TS = tricuspid stenosis; TV 


left ventricular peak systolic pressure; MS 


Pts. (%) 
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No. 
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left ventricle; LYSP 


Anatomically of 
peak systole/end-diastole; TR 


Group Dysfunction Abnormal 
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Valve 
MV 


MS,TS 


MS,TR 
MS,TR 
Totals or means 
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Valve 
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stenoses) had lower average peak right ventricular sys- DISCUSSION 


tolic pressure and percentage of patients with right ven- The present study focuses on structural alterations 
_ tricular systolic pressures >70 mm Hg than those in in operatively excised tricuspid valves in patients having 
(the other 2 groups had. mitral valve replacernent because of mitral stenosis. Pa- 
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FIGURE 1. Operatively excised stenotic mitral valve (a and þ), and purely regurgitant and anatomically normal tricuspid valve (c) 
in 59-year-old woman (574-5134). Mean diastolic gradient across mitral valve was 18 mm Hg. Right ventricular pressure was 
50/7 mm Hg, and left ventricular pressure was 124/9 mm Hg. 


ETITI 


K FIGURE 2. Operatively excised stenotic mitral valve (a to c) and purely regurgitant, diffusely fibrotic tricuspid valve (d) in 65- 
year-old man ($74-5046). Right ventricular pressure was 120/27 mm Hg, and left ventricular pressure was 100/25 mm Hg. 
The mitral valve is calcified. 


MITRAL AND TRICUSPID VALVE REPLACEMENT 1369 


tients whose indication for mitral valve replacement ic deposits. The operatively excised tricuspid valves in 
was pure mitral regurgitation were excluded from this these patients were anatomically normal in 21 patients 
study. Of the 67 patients having stenotic mitral valves (31%) and anatomically abnormal (diffusely fibrotic) 
replaced, the eaflets and chordae tendineae of all mi- in 46 (69%). The tricuspid valves in the latter 46 pa- 
tral valves were diffusely fibrotic with or without calcif- tients were purely regurgitant in 37 (80%) and stenotic 
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FIGURE 3. Operatively excised stenotic mitral valve (a and b) and diffusely fibrotic purely regurgitant tricuspid valve (c) in 54- 
year-old man (338-2439). Right ventricular pressure was 65/10 mm Hg, and left ventricular pressure was 110/12 mm Hg. 
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FIGURE 4. Operatively excised stenotic 
mitral valve (a) and diffusely fibrotic mildly 
stenotic tricuspid valve (b) in 55-year-old 
woman (S71-3034). Right ventricular 
pressure was 38/11 mm Hg, and left ven- 
tricular pressure was 148/14 mm Hg. 


FIGURE 5. Operatively excised stenotic 
mitral valve (a to c) and stenotic tricuspid 
valve (d) in 29-year-old woman ($74- 
5057) whose right ventricular pressure 
was 45/15 mm Hg and whose left ventric- 
ular pressure was 110/18 mm Hg. Radio- 
graph (c) shows only small deposit of cal- 
cium in 1 mitral leaflet. 


rA, 


(mean right atrial to right ventricular mean diastolic 
gradient ranged from 3 to 11 mm Hg [average = 6]) 
with or without associated regurgitation in 9 (20%). 
When a cardiac valve (tricuspid or any other cardi- 
ac valve) is stenotic, the valve leaflets are diffusely fi- 
brotic or extensively calcified (1.e., anatomically abnor- 
mal). Among patients with mitral stenosis severe 
enough to warrant a mitral valve operation, associated 
tricuspid valve stenosis is infrequent (14% in the present 
study). This percentage, however, is much less if the 
analysis does not focus exclusively on patients having 
simultaneous replacement of both the mitral and tricus- 
pid valves. In the study by Roberts? focusing on necrop- 
sy patients with fatal valvular heart disease (some of 
whom had had cardiac operations and some of whom 
had not), 434 (43%) of 1,010 patients =15 years of age 
had mitral stenosis with or without associated mitral 
regurgitation. Of the 434 patients, mitral stenosis was 
not associated with aortic valve dysfunction or tricuspid 
stenosis in 189 (44%); it was combined with aortic ste- 
nosis in 152 (35%), with pure aortic regurgitation in 65 
(13%), with both aortic and tricuspid stenoses in 24 
(6%) and with tricuspid stenosis alone in 4 (1%). 
Therefore, if the 176 patients with associated aortic ste- 
nosis (24 of whom also had tricuspid stenosis) and the 
65 with pure aortic regurgitation were excluded from 
the necropsy study (as they were in the present study), 
only 4 (2%) of the remaining 193 patients with mitral 
stenosis had associated tricuspid valve stenosis.? 
Among patients with mitral stenosis severe enough 
to warrant a mitral valve operation, a significant per- 
centage of them will also have some degree of pure 
tricuspid regurgitation. Of the 67 patients with replaced 
stenotic mitral valves in the present study, 58 (86%) 
had purely regurgitant tricuspid valves and 9 (14%) 
had stenotic tricuspid valves. The 58 purely regurgitant 
tricuspid valves were anatomically abnormal in 37 pa- 
tients (64%) and anatomically normal in 21 (36%). We 
found only 1 previously published report with which our 
observations could be meaningfully compared. Hauck 
et alt examined operatively excised tricuspid valves in 
248 patients with mitral stenosis, and 163 (65%) of 
them had purely regurgitant tricuspid valves and 85 
(34%) had stenotic tricuspid valves. Of the 163 patients 
with purely regurgitant tricuspid valves, the tricuspid 


leaflets and chordae tendineae were anatomically nor- 
mal in 54 (22%) and diffusely fibrotic in 194 (78%). 
The patients reported by Hauck and associates and by 
us underwent valve replacement during similar time pe- 
riods (1963 to 1989). Comparison of these 2 studies 
indicates that the patients with mitral stenosis undergo- 
ing replacement of both mitral and tricuspid valves at 
the Mayo Clinic (Hauck et al) had a higher frequency 
of associated tricuspid valve stenosis and, therefore, a 
lower frequency of pure tricuspid regurgitation than 
those having similar therapy at the National Institutes 
of Health (present study). 

Tricuspid valve replacement is performed less fre- 
quently today than during the 1960s and 1970s when 
50 patients (75%) described in the present study under- 
went valve replacement operations. Justifying tricuspid 
valve replacement in the presence of tricuspid valve ste- 
nosis is much easier than justifying tricuspid valve re- 
placement in the presence of pure tricuspid valve regur- 
gitation associated with mitral stenosis. When the tri- 
cuspid leaflets and chordae are anatomically normal, as 
they were in 21 (31%) of the 67 patients described 
herein, we believe that most surgeons today would rare- 
ly replace the tricuspid valve. When the tricuspid valve 
is purely regurgitant but the leaflets are diffusely fibrot- 
ic, the decision of replacement versus anuloplasty (with 
ring) is more difficult. Unfortunately, in the present 
study none of the clinical or hemodynamic variables an- 
alyzed (Table I) was useful in distinguishing before sur- 
gery patients with purely regurgitant anatomically nor- 
mal tricuspid valves from those with purely regurgitant 
anatomically abnormal ones. 
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CARDIOMYO?ATHY 


Prognostic Features of Children with Idiopathic 
Dilated Cardiomyopathy 


Henry B. Wiles, MD, Patrick D. McArthur, MD, Ashby B. Taylor, MD, Paul C. Gillette, MD, 
Derek A. Fyfe, MD, John P. Matthews, MD, and Leslie W. Shelton, MD 


The presenting features and long-term outcome 
of 39 chiidr=n (median age 6.5 months, range 1 
day to 16 years) with idiopathic dilated cardio- 
myopathy (IDC) were reviewed to help determine 
the appropriate management of these patients. 
Four outcome groups were identified: those who 
died, improwed, had IDC resolved or received 
transplants. Presenting clinical features of age, 
sex, race, cangestive heart failure, cardiomega- 
ly, and degree of systolic ventricular dysfunction 
did not predict final outcome. Left ventricular hy- 
pertrophy or the electrocardiogram was seen 
significanti, more often in children who im- 
proved thar in those who died or in whom IDC 
resolved (p = 0.002). A rhythm disturbance was 
also see more often in those who died than in 
those who sarvived (p = 0.025). Of 36 patients 
treated medically, 12 (33%) died, 15 (42%) im- 
proved and 2 (25%) resolved. Eighteen of 26 
(69%) patients presenting at age <2 years sur- 
vived, whereas 6 of 10 patients >2 years sur- 
vived. There were no differences based on age at 
presentation, in the time to death or time of fol- 
low-up. Three patients received orthotopic heart 
transplants, 1 of whom died from graft failure. 
Thus, no cli-acal feature including age at presen- 
tation consistently predicts ultimate outcome in 
children with IDC. 

tAm J Cardiol 1991;68:1372-1376) 
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idiopathic dilated cardiomyopathy (IDC) still pre- 

sents a substantial clinical problem. Although ex- 
tensive reports of IDC in adults are published,!~ only 
recently have additional reports added necessary infor- 
mation about the presentation and outcome of children 
with IDC.4 Areas that require further information are 
the clinical progression of IDC, the appropriate use of 
diagnostic procedures such as endomyocardial biopsy, 
and the appropriate selection and timing of treatment 
modalities and transplantation. This report describes 
the presenting features, diagnostic evaluation and clini- 
cal outcome of a relatively large group of children with 
IDC from an entire state referral population and not 
just from a tertiary center. This information, combined 
with other reports, is important to help understand the 
nature of IDC in children and to establish appropriate 
management. 


J dentifying the cause and managing children with 


METHODS 

Patient selection: Subjects for this study were col- 
lected from the records cf a state children’s medical 
center and its consortium hospitals. Records between 
July 1966 and June 1990 were searched retrospectively 
for all patients with IDC as a primary diagnosis. Diag- 
nosis was made on the basis of cardiomegaly or evi- 
dence of poor left ventricular systolic function by cardi- 
ac catheterization, echocardiography or autopsy in all 
cases. Patients with IDC secondary to arrhythmia or 
anatomic anomaly were excluded from the study, as 
were patients with hypertrophic or restrictive cardiomy- 
opathy. 

Charts of patients with IDC were reviewed for data 
on age and condition at initial presentation and at latest 
follow-up. Systolic left ventricular function was mea- 
sured by the degree of fractional shortening in the mi- 
nor axis (normal 31 to 42%). Left ventricular size at 
end-diastole was measured in the minor axis on M- 
mode recordings. To compare values with those of nor- 
mal children, a ratio of measured end-diastolic dimen- 
sion to the upper normal value for age and size was 
used. This value was labeled the left ventricular dimen- 
sion ratio. A ratio of <1 indicates a ventricular dimen- 
sion within 2 standard deviations of the mean. 

Analysis of data: Each patient was followed until 
death, resolution of IDC, loss to follow-up, or through 
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*Cardiomegely defined as cardiothoracic ratio > 0.55. 


At Follow-Up 


LVD Follow-Up 


Ratio (mos) CMCXR* Outcome 


Died 

Died 

Died 

Died 
Died 
Died 
Died 
Died 
Died 
Died 

Died 
Died 
Improved 
Improved 
Improved 
Improved 
Improved 
Improved 
improved 
Improved 
Improved 
Improved 
Improved 
Improved 
Improved 
improved 
Improved 
Resolved 
Resolved 
Resolved 
Resolved 
Resolved 
Resolved 
Résolved 
Resolved 
Resolved 
Transplent 
Transplant 
Transplant & died 


| C0000000 000+ + + 4+ 4 | 


Arrhyth. = arrhythmia; CHF = congestive heart failure; CMCXR = cardiomegaly on chest roentgenography; LVD = left ventricular dimension (see text); LVH = left ventricular 


hypertrophy; SF = shortening fraction; + = positive; © = negative; — = not done. 


the most recent clinic visit. Only 3 patients were lost to 
follow-up 2, 7 and 15 years after initial diagnosis. 

Patients were grouped by outcome—deceased, im- 
proved, IDC resolved or heart transplantation. To be 
classified as “resolved,” a patient had to be clinically 
asymptomatic, be taking no cardiac medications, have 
no cardiomegaly (cardiothoracic ratio <55%), have 
normal left ventricular function and have a normal 
electrocardiogram. A patient was classified as.improved 
if he showed improvement clinically or by test values, 
but did not meet all criteria for resolved. Patients who 
received transplants were treated as a separate category 
in all analyses because a heart transplant significantly 
changed the course of the disease. 

Statistical methods: Because a normal distribution 
of variables among patients with IDC was not present, 





all statistical tests were nonparametric. For variables 
with numerical values, overall variation among out- 
come groups was investigated using the Kruskal-Wallis 
l-way analysis of variance. For variables showing sig- 
nificant variation over all groups, pair-wise comparisons 
compared each 2 outcome groups using the Mann- 
Whitney U test. Variables that only had presence or 
absence of a feature were analyzed with the Fisher ex- 
act probability test. Actuarial survivorship was calculat- 
ed using BMDP Statistical Software (BMDP Statisti- 
cal Software, Inc., Los Angeles, California). 


RESULTS 

Patient demographics: Thirty-nine patients were 
identified with IDC (Table I): 19 male and 20 female 
children; 23 were black and 16 were white. Median age 
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TABLE II Outcome of Dilated Cardiomyopathy in Children* 


Died Survived Improved Resolved 
(%) (%) (%) (%) 


12 (33) -24(67) 15(43) 9 (25) 
8(31) 18(69) 12(46) = 6 (23) 


All patients (n =.36) 


Patients presercfng <2 
years (n = 25. 

Patients presenchig > 2 
years (n = 10 


*Excludes transplaats. 


at presentation was 6.5 months (range 1 day to 16 
years). At presentation 26 (67%) were <2 years old 
and 13 (33% were >2 years old. 

Follow-up and outcome: The demographic data pre- 
viously listed melude all 39 patients. Of the 36 patients 
treated medically, 12 (33%) died, 15 (42%) improved 
and 9 (25%) had IDC resolved. Mean time to death 
was 19 months (mean + standard deviation 40 months, 
range | day t= 12 years). Time to death was not signifi- 
cantly differemt for those who presented at <2 years 
and those >= years of age. Mean follow-up time for 
patients who survived was 80 months (+ 70 months, 
range 4 mons to 21 years). Eighteen of 26 patients 
(69%) <2 yeers at presentation survived, whereas 6 of 
10 (60%) patients >2 years at presentation survived 
(Table II). Actuarial survivorship values at 1 and 5 
years are shown in Figure 1. There was no correlation 
between sex, 7ace, or age at presentation and survival or 
resolution. 

Clinical p-2sentation: Thirty-eight (97%) patients 
had signs of congestive heart failure. Only 1 patient 
had syncope. Eighteen patients (51%) had a precordial 
murmur. Serim carnitine levels measured in 15 pa- 
tients were al normal. There was no significant correla- 
tion between sutcome and any of the aforementioned 
features. 


4(40) 6 (60) 3 (30) 3 (30) 
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Electrocardiography: On presentation, 37 of 38 pa- 
tients (97%) had an abnormal electrocardiogram (hy- 
pertrophy, conduction disturbance, or ST segment and 
T-wave abnormality), with 16 (42%) showing left ven- 
tricular hypertrophy (Table I). When deceased patients 
were compared with survivors, left ventricular hypertro- 
phy was seen significantly less often in those who died 
(2 of 12 vs 13 of 24, p <0.05). Likewise, left ventricu- 
lar hypertrophy was seen less often in patients in whom 
it resolved than in those who improved (1 of 9 vs 12 of 
15, p = 0.002). Of the 15 improved patients, 9 (60%) 
had continued electrocardiographic abnormalities at 
follow-up with 6 (40%) showing continued left ventric- 
ular hypertrophy. 

On presentation, 9 (23%) patients had an arrhyth- 
mia of which 67% were ventricular in origin. Fifty per- 
cent of patients who died had an arrhythmia at presen- 
tation, whereas only 13% of survivors had an arrhyth- 
mia (p <0.025). 

Chest roentgenography: Every patient had cardio- 
megaly on chest roentgenography at presentation with 
no difference in outcome based on the cardiothoracic 
ratio. On follow-up, 7 of the 24 surviving patients 
(29%) all of whom were in the improved group, contin- 
ued to have cardiomegaly. 

Echocardiography: There was no significant corre- 
lation between outcome and either shortening fraction 
or left ventricular dimension ratio on presentation (de- 
ceased versus survivors, 13 + 6% vs 16 + 6%, p = not 
significant; and 1.33 + 0.16 vs 1.45 + 0.28, p = not 
significant). 

Biopsy results: The last 14 consecutive children in 
this study had right ventricular endomyocardial biopsy. 
Thirteen patients had myocyte hypertrophy, enlarged 
irregularly shaped nuclei and increased fibrosis on light 
microscopy evaluation, consistent with IDC. The other 


FIGURE 1. This graph shows the actuarial 
survival of children with dilated cardiomy- 
opathy at 1 and 5 years after diagnosis. 
Survival of children presenting at <2 
years of age and >2 years of age has no 
statistically significant difference. 

YO = years old. 
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TABLE Ili Qutcome of Dilated Cardiomyopathy in Children Reported in Studies Based on Age at Presentation 


<2 Years 


Survived 
(%) 


104 (653 
12 (62) 
9 (38: 
15 (47, 


57 (35) 
11 (48) 
15 (63) 
17 (53) 


Greenwood et al? 
Chen et al® 
Taliercio et al4 
Griffin et alf 





remaining patient had areas of focal lymphocytic infil- 
tration with myocyte necrosis, representing acute myo- 
carditis. One other patient had an increased number of 
lymphocytes throughout the myocardium but no areas 
of myocyte necrosis. 

Treatment: Thirty-six patients received only medical 
treatment. Thirty-four (94%) were treated with inotro- 
pic agents, 21 (58%) with afterload reducers, 6 (17%) 
with antiarrhythmic drugs, and 2 (6%) with antiin- 
flammatory agents. There was no significant correla- 
tion between outcome and type of medical manage- 
ment. 

Transplantation: Three patients received cardiac 
transplants (Table I). There were no significant dif- 
ferences in clinical presentation between the transplant 
recipients and other patients. One transplant recip- 
ient died after 2 cardiac grafts failed, 1 month after 
diagnosis. 


DISCUSSION 

Outcome: Four follow-up groups of children pre- 
senting with IDC were found: those who died, those 
who improved after presentation but did not have re- 
turn of normal ventricular function, those in whom 
IDC resolved, and those who underwent transplanta- 
tion. The definition for “resolved” was strict and in- 
cluded normal left ventricular systolic function, normal 
heart size, normal electrocardiogram, no clinical symp- 
toms and requiring no cardiac medication. The group 
with transplantation must be considered separately in 
follow-up because this surgical procedure drastically al- 
ters the course of IDC. The outcome of the 36 children 
who received medical therapy included 33% who died, 
42% who improved and 25% in whom IDC resolved. 
Thése numbers correspond closely to the results of 
Greenwood et al” who reviewed the course of 161 pedi- 
atric patients with “primary myocardial disease” (Ta- 
ble II). Other studies+-® have shown higher mortality 
rates of 48 to 63% (Table III). 

The small number of patients undergoing transplan- 
tation in this study does not allow comparison of out- 
come with those receiving medical therapy alone; how- 
ever, the 1990 International Society of Heart Trans- 


> 2 Years 


Survived Survived 
%) ; 1%) 


25 (40) 
6 (46) 

11 (92) 

12 (100) 


37 (60) 
7 (54) 
1 (8) 


32 (32) 
5 (50) 
4 (33) 
5 (25) 


67 (68) 
5 (50) 
8 (69) 

15 (75) 


plantation Registry records a worldwide 1-year survival 
in pediatric patients of approximately 70%. This does 
not differ from the 67% survival of transplanted pa- 
tients in this study or the 67% survival of medically 
treated patients. Until diagnostic evaluation can accu- 
rately differentiate between the one-third who die, the 
one-third who improve and the one-third in whom IDC 
resolves, timing of transplantation for children with 
IDC remains a difficult problem. 

Age: Griffin et alř reported a difference in outcome 
depending on age at presentation. All patients who pre- 
sented at >2 years of age died, whereas only 25% of 
patients presented at <2 years old died. Taliercio et al* 
did not discuss patients by age at presentation, but pre- 
sented sufficient data to show that 33% of children pre- 
senting <2 years of age died, whereas 92% of children 
presenting at >2 years old died. The reports of Green- 
wood et al’ and Chen et al, however, showed no signif- 
icant differences in outcome based on age at presenta- 
tion (Table III). The study population in this report 
showed a slightly higher mortality in patients present- 
ing at >2 years (40 vs 31%), but this did not reach 
statistical significance. This finding may reflect the fact 
that this report covered an entire state population and 
not only patients referred to a tertiary center. 

Chest roentgenography and echocardiography: 
Most investigators of IDC in children and adults have 
found no significant differences in presenting clinical 
signs.4-? Heart size at presentation as measured by 
cardiothoracic ratio on chest roentgenography did not 
predict outcome in this study. As with chest roent- 
genography, measurement of left ventricular indexes, 
shortening fraction and end-diastolic dimension on pre- 
sentation provided no prognostic information. Follow- 
up echocardiography near the time of death or long 
term again showed that patients who died had worse 
left ventricular function as measured by these parame- 
ters. Further prospective study may indicate that how 
rapid or slow function returns may predict eventual 
outcome. 

Etectrocardiography: Studies of adults and children 
have shown that atrial and ventricular arrhythmias are 
poor prognostic signs in patients with IDC.58 Only 15% 
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of the patier.:s in this study presented with ventricular 
ectopy, and their long-term outcome was worse. The 
absence of let ventricular hypertrophy on the present- 
ing electrocardiogram showed a statistically significant 
difference bæween death or resolution and improve- 
ment. Other reports have noted a similar finding in 
adults!!! bec not in children.4 The theory explaining 
this finding i3-that myocardial hypertrophy reduces wall 
stress. This theory applies to the difference seen be- 
tween patienzs who died and those who improved, but it 
does not separate the patients who died and those who 
ultimately hed a complete resolve of IDC. The patients 
who had reso-ution of IDC must have had significantly 
less disease, zut no other clinical test at presentation in 
this series alowed prediction of outcome. 

Myocardi#is: The association of myocarditis and 
IDC has aluzys been assumed. The clinical cliché that 
IDC represen:s “burned out myocarditis” is hardly ever 
convincingly >roved. The number of cases of biopsy- 
prove myocaditis in children presenting with unex- 
plained [DC appears small. Lewis et al!? found no evi- 
dence of myozarditis in 15 children. Leatherbury et al!? 
obtained biopsy specimens from 20 children and found 
myocarditis in 25%, but 1 of these had sarcoidosis and 
another had transplacental antinuclear antibodies from 
maternal systemic lupus erythematosus. These do not 
represent the typical case of a child presenting with 
IDC and possible myocarditis. Only 1 of 14 (7%) pa- 
tients undergeing a biopsy procedure in this study had 
evidence of r-yocarditis by the criteria of Aretz et al.!4 
Overall, the incidence of biopsy-proved myocarditis in 
children presenting with IDC appears to be 2 to 15%. 

Study limi:ations: This report, as with all others, is a 
retrospective review of patients over a relatively long 
period of time and has its shortcomings. Diagnostic 
techniques varied over this time period, so careful at- 
tention was paid to help eliminate conditions not repre- 
senting IDC. Because we cannot differentiate the many 


causes of dilated cardiomyopathy, information on out- 
come cannot be specifically grouped based on cause. 
Using chart review, we were unable to gather enough 
information to track the rate of recovery in patients 
who survived. The rate of recovery may be the best 
indicator of ultimate outcome. 
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Effect of Digoxin on Contractility and Symptoms 
in Infants with a Large Ventricular Septal Defect 


Thomas R. Kimball, MD, Stephen R. Daniels, MD, PhD, Richard A. Meyer, MD, 
David W. Hannon, MD, Jason Tian, BS, Rakesh Shukla, PhD, and David C. Schwartz, MD 


The effect of digoxin on contractility and symp- 
toms in infants with a large ventricular septal de- 
fect (VSD) is controversial, Nineteen infants with 
symptoms of congestive heart failure due to a 
VSD were studied with load-independent indexes 
during 4 study periods: (1) before any medica- 
tion; (2) while on chronic diuretics; (3) while on 
both diuretics and digoxin; and (4) while on diu- 
retics alone, to determine if digoxin: (a) in- 
creases “contractility” when added to diuretic 
therapy; and (b) improves symptoms. Symptoms, 
signs (heart and respiratory rates, and weizht 
gain), shortening fraction, preload (left ventricu- 
lar end-diastolic dimension), afterload (left ven- 
tricular end-systolic wall stress) and contractility 
were measured at each period. The difference 
between the measured and predicted velocities of 
circumferential fiber shortening for the mea- 
sured left ventricular end-systolic wall stress 
served as an index of contractility. Eighteen in- 
fants also underwent catheterization. Mean pul- 
monary-to-systemic blood flow ratio was 3:1. 
When digoxin was added to diuretics, contractili- 
ty index was significantly greater than in control 
subjects (0.13 + 0.15 vs 0.0 + 0.12 circ/s, p = 
0.04). When patients were again on diuretics 
alone (after discontinuation of digoxin), contrac- 
tility index was no longer different. Symptoms 
and signs were not significantly improved by ei- 
ther diuretics or digoxin. 

It is concluded that in infants with a large left- 
to-right VSD shunt and receiving digoxin and 
diuretics, contractility index was significantly 
greater than in control subjects. However, nei- 
ther diuretics alone nor in combination with di- 
goxin improved symptoms significantly. 

(Am J Cardiol 1991;68:1377-—1382) 
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hereas some pediatric cardiologists routinely 
\ N give digoxin and diuretics to infants with 
symptoms of tachypnea, tachycardia and 
growth failure due to a large shunt through a ventricu- 
lar septal defect (VSD), others question the usefulness 
of digoxin in these patients. Symptoms may not be due 
to myocardial failure, but rather to pulmonary overcir- 
culation. !-° Furthermore, the benefit of digoxin on con- 
tractility or symptoms has not been clearly demon- 
strated.*® This is partly due to the reliance on ejection 
phase indexes that change not only with contractility 
but also with loading conditions. Recent advances now 
allow echographic measurement of contractility while 
taking into account loading conditions.’ The purposes 
of this study were to determine in infants with symp- 
toms of congestive heart failure due to a large VSD 
shunt if: (1) cardiac contractility improves when digox- 
in is added to diuretic therapy alone; and (2) symptoms 
of heart failure improve with digoxin and diuretic treat- 
ment. 


METHODS 

Patients: Infants with symptoms of tachypnea, 
tachycardia, growth failure and excessive diaphoresis 
due to large left-to-right VSD shunting were eligible for 
inclusion in this study. Nineteen patients participated in 
the protocol after informed consent was obtained. The 
control group consisted of 17 infants without heart dis- 
ease. 

Study protocol: The study protocol consisted of 4 
periods of clinical and echocardiographic evaluations. 
The first examination was performed at baseline before 
any medications had been administered. The second ex- 
amination occurred after beginning oral diuretics (furo- 
semide 2 to 3 mg/kg/day and spironolactone 1 to 2 
mg/kg/day). The third evaluation occurred after oral 
digoxin (10 ug/kg/day) had been added to the diuret- 
ics and only after a therapeutic serum digoxin level had 
been obtained. The fourth and final examination oc- 
curred after digoxin had been stopped while diuretics 
were continued. 

During each study period patients underwent physi 
cal examinations, electrocardiography and echocardiog- 
raphy, and history was obtained. Serum electrolytes 
were obtained during the second and third study peri- 
ods. During the third study period, serum digoxin levels 
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were measured with an immunoassay technique (Ab- 
bott Diagnoxics). Oxygen, blood transfusion, vasodila- 
tors or salt restriction, or a combination, were not part 
of the treatrrent regimen. 

Clinical assessment: During each study patients 
were assigned to 1 of 4 clinical classes using a heart 
failure class fication system adapted especially for in- 
fants and previously described by our laboratory®: no 
symptoms (chass I); tachypnea or diaphoresis with feed- 
ings, and no zrowth delay (class II); tachypnea or dia- 
phoresis with feeding, without weight gain (class III); 
and symptomatic at rest with tachypnea, retractions, 
grunting and diaphoresis, without weight gain (class 
IV). In addation, respiratory and heart rates, and 
weight were ~ecorded at each evaluation. 

Echocardigraphic assessment: Each patient un- 
derwent 2-d.mensional and pulsed Doppler examina- 
tions using tte Hewlett-Packard model 77020AC Ul- 
trasound Im=ging System. M-mode echocardiography 
was performed with either the Hewlett-Packard or an 
Irex System _I Ultrasound System. Echocardiography 
was perform= in a quiet, resting state; chloral hydrate 
(50 to 80 mg/kg) or pentobarbital (3 to 4 mg/kg), or 
both, were used for sedation when necessary. Simulta- 
neous phonccardiogram, electrocardiogram and indi- 
rect axillary zulse tracing were also recorded. Peak sys- 
tolic and diastolic blood pressures were obtained from a 
Dinamap 843-XT Vital Signs Monitor (Critikon). Left 
ventricular emd-diastolic and end-systolic dimensions, 
and left vertricular end-systolic wall thickness were 
measured, Shortening fraction, heart rate-corrected ve- 
locity of circumferential fiber shortening (Vcf,), and 
left ventricular end-systolic meridional wall stress were 
calculated.” ° 

Contracti.sty was assessed by examining the rela- 
tionship betvzen Vcf, and end-systolic wall stress, as 
previously described.>-!!-!4 In a previous study Colan et 
al’ showed that the slope of this relation remained con- 
stant over a wide range of wall stress during positive 
inotropic intzrvention. Therefore, as previously pub- 
lished,>>!! the difference between measured and predict- 
ed Vcf, for measured end-systolic wall stress (as estab- 
lished in the control group) served as an index of con- 
tractility in tre patients at each study period. 

VSD size was measured at the initial and final stud- 
ies by off-line analysis of 2-dimensional images, using a 
Digisonics Exnaocardiography Analysis System and in- 
dexed by dividing by body surface area, as previously 
described.> To determine the degree of circularity of 
the transverse plane of the left ventricle, diameters were 
measured along 2 axes in the parasternal short-axis 
view: (1) fron the midseptum to posterior wall of the 
left ventricle; and (2) from the anterior to the inferior 
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wall of the left ventricle. Circularity was estimated 
from the ratio of these 2 perpendicular diameters. 

All echocardiographic measurements were obtained 
by 1 of the investigators (TRK) or a technical assistant, 
both of whom were unaware of patient identity and 
medication use. Intra- and interobserver variabilities of 
Vcf, and wall stress were determined from the echocar- 
diograms of the control patients. 

Catheterization assessment: Eighteen of the 19 pa- 
tients with VSD underwent cardiac catheterization at 
5.7 + 3.0 months old. Intravenous ketamine was used 
for sedation. Oxygen consumption and saturations were 
recorded. Pressures were obtained from a fluid-filled 
catheter system. Cardiac outputs were measured by the 
Fick method. Because ketamine may increase pulmo- 
nary vascular resistance, pulmonary-to-systemic blood 
flow ratios may be underestimated in this study. 

Statistical analysis: Simple linear regression (least- 
squares method) was used to fit each control subject’s 
data to a wall stress—Vcf, equation (Vcf, = m (wall 
stress) + b; m = slope, b = y intercept). Analysis of 
variance for repeated measures was utilized to compare 
means of the groups using the General Linear Model 
procedure. This was followed by multiple comparisons 
using Duncan’s procedure when needed. The data were 
also analyzed by paired ¢ tests. This was necessary since 
there were varying numbers of data points for various 
groups and time points. Analysis of variance for repeat- 
ed measures used only subjects with data in all time 
points, thus reducing the total sample size. Results were 
similar for both statistical methods (i.e., paired z tests 
or repeated measures analysis of variance), All the cal- 
culations were performed using the computer software 
package Statistical Analysis System version, Sth edition 
(SAS Institute, Cary, North Carolina). Statistical sig- 
nificance was claimed at a p value <0.05. 


RESULTS 

Twelve of the 19 patients entered at the first study 
period, whereas the remaining 7 who were already re- 
ceiving diuretics entered at the second study period. 
One patient did not undergo a second study because his 
attending cardiologist believed that his condition neces- 
sitated concomitant administration of both diuretics 
and digoxin. In 2 other patients surgery was thought to 
be indicated after the third study. Thus, 11 compari- 
sons of baseline versus diuretic treatment, 18 of diuret- 
ics alone versus both digoxin and diuretics, and 17 of 
both digoxin and diuretics versus diuretics alone after 
digoxin withdrawal were available for analysis. 

The second examination occurred after 2.8 + 2.3 
weeks of diuretic therapy, and the third occurred 2.8 + 
2 weeks after digoxin was added to diuretics. Serum 
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TABLE | Catheterization Data 


PAP PYR 
(mm Hg) (Wood units x m2) 


1 
2 
3 
4 
5 
6 
7 
8 
9 


Mean + SD 3.1 1.4 32 + 12 


SVR 
(Wood units x m2) 


VO2 


RVP/LVP (mi/mn x m2} 


0.75 
0.47 
0.65 
0.49 
0.36 
0.72 
0.97 
0.71 
0.88 
0.75 
0.50 
0.77 
0.53 
0.77 
0.47 
0.78 
0.94 
0.69 
0.68 + 0.17 


PVR/SVR 


0.13 + 0.07 151 + 35 


LVP = peak systolic left ventricular pressure; PAP = mean pulmonary artery pressure; PVR = pulmonary vascular resistance; Qp = pulmonary blood flow; Qs = systemic blood flow; 
RVP = peak systolic right ventricular pressure; SD = standard deviation; SVR = systemic vascular resistance; VO2 = oxygen consumption. 


digoxin levels averaged 1.3 + 0.4 ng/ml at that time. 
The fourth evaluation occurred 4.2 + 3.1 weeks after 
digoxin had been stopped. 

Demographic data: The median age and weight 
of the patients were 2.5 months (standard deviation 
[SD] = 3.1) and 4.9 kg (SD = 1.9), respectively. These 
were not significantly different from the control group’s 
age (median = 5 months, SD = 3.6) and weight (medi- 
an = 7.9 kg, SD = 2.3). In the control group, tke rela- 
tion between Vcf, and end-systolic wall stress was 
inversely linear and was described by the equation 
Vefe = —0.0089 (wall stress) + 1.49 (Figure 1}. 

Ventricular septal defect characteristics: Mean and 
indexed VSD sizes at study entry were 0.95 + 0.22 cm 
and 3.7 + 0.8 cm/m?, respectively, and did not change 
significantly by the end of the study protocol (0.98 + 


FIGURE 1. Heart rate-corrected velocity 
of circumferential fiber shortening (VCF,) 
and left ventricular end-systolic wall stress 
(WS) data points for control subjects. Fit- 
ted line (solid line) and 95% confidence 
limits (dashed lines) are also shown. 


VCR 
(circ/sec) 








0.20 cm and 3.2 + 0.7 cm/m?, respectively; p = not 
significant). 

Catheterization data are listed in Table I. Mean 
pulmonary-to-systemic blood flow ratio was 3.1, and 
mean pulmonary-to-systemic vascular resistance ratio 
was 0.13. Seventeen of the patients subsequently under- 
went surgical closure of their VSD shortly after com- 
pletion of the protocol. 

Variability of heart rate-corrected velocity of cir- 
cumferential shortening, and end-systolic wall stress: 
The interobserver variability of Vefe and end-systolic 
wall stress was 3.6 and 5.5%, respectively. The intraob- 
server variability of Vcf, and end-systolic wall stress 
was 2.3 and 3.5%, respectively. Linear regression dem- 
onstrated excellent correlation for separate observers 
determining Vcf, (r = 0.91) and end-systolic wall stress 


VCĘ = -0.0089(WS) +1.49 
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TABLE H Ecocardiographic and Clinical Data at Each Study Period 


Medication Status 


Diur. 
(n= 11) 


35 + 5* 
2.6 + 0.5 
1.18 + 0.14 
56 + 23 
142 + 17 
62 + l1 
22 + 21* 


None 
(n= 11) 


31+8 
2.6+ 0.5 
1.06 + 0,28 
64 + 42 
140+ 19 
61 + 20 
32 + 31 


SF (%) 
LVED (cm) 


Vefe (circ/s) 

WS (g/cm?) 

HR (beats/min 
RR (breaths/man) 
Wt (percentiles 


*n < 0.05. 
Data are expres-ad as mean + standard deviation. 


3247 
2.6 + 0,5 
1.08 + 0,22 
55 + 20 
141+18 
64 + 15 
25 + 26 


Diur. 
(n = 17) 


Dig. & Diur. 
(n = 18) 


3344 
2.6 + 0.5 
1.16 + 0.17 
512415 
139 + 16 
64+ 19 
24427 


Dig. & Diur, 
(n = 17) 


34 + 4 
2.7 + 0.5 
1.16 + 0.18 
52 + 16 
137 + 12 
62 + 19 
23 + 26 


3429 
2.7 + 0.5 
1.07 + 0.27 
49 + 17 
136 + 13 
57 +15 
19+ 23 


Dig. = digoxin; Zur, = diuretics; HR = heart rate; LVED = left ventricular end-diastolic dimension; None = no medications; RR = respiratory rate; SF = shortening fraction; Vcf = 
heart rate-correcte=velocity of circumferential shortening; WS = left ventricular end-systolic wall stress; Wt = percentile for weight. 


(r = 0.93). Correlations were also excellent for 1 ob- 
server repeating determinations of Vefe (r = 0.96) and 
end-systolic all stress (r = 0.95). 

Echocardiographic data: The average ratios of sep- 
toposterior to. anteroinferior free wall diameter in pa- 
tients with VSD were 0.94 + 0.13 in diastole and 0.99 
+ 0.11 in systole. These ratios were not statistically dif- 
ferent from « ratio of 1. Thus, the transverse geometry 
of the left vemtricle was circular. 

Echocard.ographic data for the patients at each 
study period are listed in Table II. Shortening fraction 
significantly creased from baseline levels with the ad- 
dition of diuretics alone. However, there were no signif- 
icant differerces in left ventricular end-diastolic dimen- 
sion and wall stress among the study periods. 

There wes a slight increase in contractility index 
(Figure 2) between control subjects and patients with 
VSD receiviæ no medications. There was a further 
slight increase in contractility index in patients when 





digoxin was added to diuretics. Neither of these differ- 
ences was statistically significant by itself; however, the 
cumulative effect resulted in a significantly higher con- 
tractile index in patients receiving both digoxin and 
diuretics compared with that in control subjects. Subse- 
quent withdrawal of digoxin was associated with a de- 
crease in contractility index, but again this change was 
not statistically significant. 

Clinical data: No patient was asymptomatic (class 
I) at the beginning of the study. Although 1 patient did 
improve to class I clinical status while receiving digoxin 
and diuretics together, medical treatment (either diu- 
retics alone or digoxin with diuretics) did not signifi- 
cantly improve clinical status of the group. There were 
no significant changes in heart and respiratory rates 
during the protecol. When patients were receiving di- 
uretics alone they had significantly lower weight per- 
centiles compared with when they were receiving no 
medications. In addition, there was a further significant 


CO*TRACTILITY INDEX IN CONTROL SUBJECTS AND PATIENTS 


A VCF, (cire/sec) 


CONTROLS NO MEDS DIURETICS 


& DIGOXIN 
PATIENTS 


*p< 0.05 compared to control subjects 





FIGURE 2. Contractility index in con- 

trol subjects and patients. Data are ex- 
pressed as mean + standard deviation. 

A VCF, = difference between predicted 
and measured heart rate-corrected veloci- 
ty of circumferential fiber shortening for 
measured left ventricular end-systolic wall 
stress. 


DIURETICS DIURETICS 
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decrease in weight percentile during the remainder of 
the study protocol (25th + 26th to 19th + 23rd percen- 
tile; p = 0.03). 


DISCUSSION 

Whereas digoxin has been shown to be of benefit to 
adults with heart failure,!> some investigators question 
its effectiveness.'© These studies of the effect of digoxin 
in adults have been performed in patients with impaired 
contractility. The infant who has symptoms due to a 
large left-to-right shunt may have normal contractili- 
ty.!->!7 Therefore, the use of digoxin in infants with 
large left-to-right shunts is controversial.** !8-22 Several 
investigators have found that digoxin increases ventric- 
ular performance,!9-2! whereas others have found little 
or no change in function.®2 Furthermore, it appears 
that clinical improvement may not always be associated 
with improvement in ventricular function.® 

Previous studies are limited because of the use of 
ejection phase indexes that are dependent on loading 
conditions and may be unreliable in the presence of 
VSD.?3 Although the model for deriving contractility in 
our study has geometrical constraints (1.e., it assumes 
that the left ventricle is ellipsoidal, has uniform and 
thin-walled thickness, and is symmetric along its minor 
axis), our data indicate that the transverse axis of the 
left ventricle of our patients with VSD maintained a 
circular configuration. Therefore, the major assumption 
of the model is satisfied and should be accurate. 

As previously suggested, we found that patients 
with large VSD shunts before receiving medication 
have higher contractility indexes than control subjects 
have (although not significantly so). Perhaps elevated 
circulating catecholamines in these symptomatic pa- 
tients may raise contractility. Further investigation is 
needed to examine potential mechanisms. 

The addition of digoxin to diuretics in our patients 
further increased contractility to a level significantly 
higher than control subjects. However, the incremental 
increase in contractility with the addition of digoxin 
was not significant compared with that while receiving 
diuretics alone. Likewise, the incremental decrease in 
contractility associated with digoxin withdrawal was 
not statistically significant. 

Despite the observations of many clinicians that 
symptoms improve when digoxin and diuretics are used 
in these patients, our study does not support this find- 
ing. It is possible that the effects of these 2 medications 
could have been acutely different after their initiation. 
These more acute data were not specifically measured 
in this study. It is also possible that our assessment 
scale may not have been sensitive enough to detect sub- 
tle clinical changes, but the objective parameters of 
weight gain, and respiratory and heart rates also did 


not improve. In fact, weight percentile significantly de- 
creased when patients were placed on diuretics and 
continued to do so throughout the study protocol. Al- 
though the initial decrease in weight percentile associ- 
ated with diuretics was most likely due to excess water 
loss, the continued decrease in the patients’ weight per- 
centiles during the remainder of the protocol was most 
likely due to increased caloric expenditure due to the 
large VSD. Therefore, even though the combination of 
digoxin and diuretics in VSD patients increased con- 
tractility over control subjects, this effect was not ap- 
parent clinically. 

The patients in this study represent a subset of pa- 
tients who had a particularly large left-to-right VSD 
shunt and were very ill compared with other patients 
with VSD.° Indeed, 17 of these 19 patients eventually 
underwent surgery to control their symptoms. The ef- 
fects of digoxin and diuretics in patients with smaller 
VSD who are less seriously ill may be different and 
cannot be determined from this study. 

The statistical nonsignificance of pairwise differ- 
ences in contractility does not necessarily mean that 
contractility was equivalent at different medication 
states. Although inter- and intraobserver variabilities 
were less, there was quite a bit of variability in these 
measurements between patients. The sample size may 
have been small enough that statistical significance 
could not have been achieved. However, we did find a 
statistically significant difference in contractility be- 
tween control subjects and patients receiving digoxin 
and diuretics that did not result in clinical improve- 
ment. 

The value of digoxin in infants with symptoms due 
to a large VSD shunt is questionable. In addition, the 
use of digoxin may be undesirable because it can poten- 
tiate the complication of rhythm disturbance in con- 
junction with diuretic therapy. Because of the question- 
able value and potential risk of digoxin, alternative 
treatments, such as afterload reducing agents or earlier 
surgical intervention, may need to be considered. 


Acknowledgment: We express our gratitude to 
Sheila Wheatley for preparation of the manuscript, to 
Cris Bushman, Sue Eichelberger, Linda Ellis, Betty 
Glascock, Philip Khoury, Lydia Lambert, Sue Roberts, 
Cynthia VanHorn, and Sandy Witt for their technical 
assistance, and to the women of Kindervelt No. 75 for 
volunteering their children for the study. 


REFERENCES 

1. Scott LP, Perry LW. Cardiac function in infants with large left-to-right shunts: 
heart success. Clin Proc Child Hosp Dist Columbia 1968;24:195-209. 

2. Waggoner AD, Nouri S, Schaffer MS, Chen S-C. Echocardiographic evalua- 
tion of left ventricular function, mass and wall stress in children with isolated 


DIGOXIN IN INFANTS WITH VENTRICULAR SEPTAL DEFECT 1381 


ventricular septa. defect. Tex Heart Inst J 1985;12:163-170. 

3. Yoshikaw M Sato T. Left ventricular end-systolic wall stress to volume 
relationship befo-« and after surgical closure of ventricular septal defect. Pediatr 
Cardiol 1987;8:5=-98. 

4. Colan SD, Seeders SP. Depressed myocardial contractility in infants with 
ventricular septa defects (abstr). Circulation 1985;72:\II-114. 

5. Kimball TR, D_niels SR, Meyer RA, Hannon DW, Khoury P, Schwartz DC, 
Relation of sympt~ms to contractility and defect size in infants with ventricular 
septal defect. Arm J Cardiol 1991;67:1097-1102. 

6. Berman W, Yaisek SM, Dillon T, Niland C, Corlew S, Christensen D. Effects 
of digoxin in infarts with a congestive circulatory state due a ventricular septal 
defect. N Engl J yfed 1983;308:363-366. 

7. Colan SD, Bo-cw KM, Neumann A, Left ventricular end-systolic wall stress- 
velocity of fiber =iortening relation: a load-independent index of myocardial 
contractility. J Aa Coll Cardiol 1984:4:715-724. 

8. Ross RD, Datels SR, Schwartz DC, Hannon DW, Shukla R, Kaplan 8. 
Plasma norepineptaine levels in infants and children with congestive heart failure. 
Am J Cardiol 1€&7;59:911-914. 

9. Grossman W, I~nes D, McLaurin LP. Wall stress and patterns of hypertrophy 
in the human lef ventricle. J Clin Invest 1975;56:56-64, 

10. Lang RM, Becow KM, Neumann A, Janzen D. Systemic vascular resistance: 
an unreliable inex of left ventricular afterload. Circulation 1986;74:1114- 
1123. 

11. Kimball TR. Daniels SR, Weiss RG, Meyer RA, Hannon DW, Ryckman 
FC, Tian J, Shuk: R, Schwartz DC. Changes in cardiac function during extra- 
corporeal membrane oxygenation for persistent pulmonary hypertension in the 
newborn infant. < Pediatr 1991;118:431-436. 

12. Feldman T, Eorow KM, Sarne KH, Neumann A, Lang RM. Myocardial 
mechanics in hyps-thyroidism: Importance of left ventricular loading conditions, 
heart rate and ccrtractile state. J Am Coll Cardiol 1986;7:967-974. 

13. Borow KM, Zolan SD, Neumann A. Altered left ventricular mechanics in 


patients with va-vular aortic stenosis and coarctation of the aorta: effects on 
systolic performance and late outcome. Circulation 1985:72:515~522, 

14. Dorn GW, Donner R, Assey ME, Spann JF, Wiles HB, Carabello BA. 
Alterations in leit ventricular geometry, wall stress, and ejection performance 
after correction of congenital aortic stenosis. Circulation 1988;78:1358~1364. 
15. The German and Austrian Xamoterol Study Group. Double-blind placebo 
controlled-comparison of digoxin and xamoterol in chronic heart failure. Lancet 
1988;1:489-493. 

16. Pugh SE, White NJ, Aronson JK, Grahame-Smith DG, Bloomfield JG. 
Clinical, haemodynamic and pharmocological effects of withdrawal and reintro- 
duction of digoxin in patients with heart failure and sinus rhythm after long-term 
treatment. Br Heart J 1989;61:529-539. 

17. Jarmakani MM, Graham TP, Canent RV, Spach MS, Capp MP. Effect of 
site of shunt on left heart-volume characteristics in children with ventricular septal 
defect and patent ductus arteriosus. Circulation 1969;40:411~418. 

18. Alpert BS, Barfield JA. Reappraisal of digitalis in infants with left-to-right 
shunts and heart failure, J Pediatr 1985;106:66~68. 

19. Levy AM, Leaman DM, Hanson JS. Effects of digoxin on systolic time 
intervals of neonates and infants. Circulation 1972;46:816-823. 

20. Hofstetter R, Lang D, vonBernuth G. Effect of digoxin on left ventricular 
contractility in rewborns and infants estimated by echocardiography. Eur J 
Cardiol 1979;9:1-11, 

21. Sandor GGS, Bloom KR, Izukawa T, Patterson MWH, Rowe RD. Noninva- 
sive assessment of left ventricular function related to serum digoxin levels in 
neonates. Pediatrics 1980;65:541-546. 

22. Boucek MM. Chang R, Synhorst DP. Hemodynamic consequences of inotro- 
pic support with digoxin or amrinone in lambs with ventricular septal defect. 
Pediatr Res 1985;19:887-891. 

23. Matsuoka S, Tomimatsu H, Miyuchi Y, Nakatsu T, Yuasa Y, Miyao M. 
Effects of interventricular shunt on indices of left ventricular function. Pediatr 
Res 1986;20:433-437. 


1382 THE 2VERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 15, 1991 


MISCELLANEOUS 


Age-Related Variation in Contractility Estimate in 





Patients <20 Years of Age 


Thomas R. Kimball, MD, Stephen R. Daniels, MD, PhD, Philip Khoury, MS, 
and Richard A. Meyer, MD 


The relation between velocity of circumferential 


fiber shortening (VCF) and wall stress (WS) is 
being used to estimate contractile state in a vari- 
ety of disease states and patient ages more fre- 
quently. However, its relation to age has not 
been established. To determine reproducibility 
and age and sex dependence of this relation, 204 
normal children (113 boys, 91 girls) underwent 
echographic determination of VCF and WS. The 
children were enrolled in 3 groups: group 1 <6 
months old (n = 27); group 2 >6 months and <3 
years old (n = 38); and group 3 >3 and <20 
years old (n = 139). Twenty-five children also 
underwent serial echocardiography (n = 44) to 
determine reproducibility of the relation. Only 1 
of the 44 repeat data pairs of VCF and WS was 
outside the 95% confidence limits of that rela- 
tion. In all 3 groups, VCF was significantly in- 
versely and linearly related to WS (p <0.001). 
The regression equation in the oldest group was 
very similar to previous reports (VCF = —0.0031 
[WS] + 1.21). The regression lines in the 2 youn- 
ger groups were significantly steeper and had a 
significantly higher y-intercept (p <0.01). Group 
1 had the steepest slope and highest y-intercept. 
There was no difference in the regression lines 
of different sexes in any of the patient groups. It 
is concluded that the relation of VCF to WS is re- 
producible over time. It is age-dependent but has 
no relation to gender. VCF in patients <6 months 
old is more highly dependent on WS. Clinician 
and investigators need to select the appropriate 
age-related relation to study contractility in 
young patients. 

(Am J Cardiol 1991;68:1383-—1387) 
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ty of circumferential fiber shortening (VCF) 

and end-systolic wall stress (WS) is being used 
to noninvasively examine contractile state in patients 
with a variety of disease states and ages.!-* The normal 
relation with confidence bands serves to define normal 
contractility. The vertical distance between a data point 
and the normal regression line serves as a quantitative 
estimate of contractility.! Although the normal relation 
has been established with reasonable certainty in chil- 
dren >3 years," it has not been extensively studied in 
younger children. Because animal research indicates 
that young lambs have a different motropic state than 
adult lambs,&° this would suggest the possibility of a 
different VCF to WS relation in younger patients. To 
examine contractility and to apply the relation between 
VCE and WS to the clinical setting in young patients, 
the relation must first be established in norma! subjects 
of young age. This study determines (1) the reproduc- 
ibility of VCF to WS determinations, (2) if there are 
age-related changes in contractility as estimated by the 
relation between VCF and WS, and (3) if there is an 
association of gender to this relation. 


T he relation between heart rate—-corrected veloci- 


METHODS 

Patients: Two hundred four patients (113 boys, 91 
girls) were studied. No patient had symptoms of cardi- 
ac disease. All patients had normal physical examina- 
tions and echocardiograms. The patients were divided 
into 3 groups based on age. Group 1 (n = 27) was <6 
months old; group 2 (n = 38) was >6 months and <3 
years old; group 3 (n = 139) was >3 and <20 years 
old. These age groupings were chosen in order to ex- 
plore differences by age suggested in previous investiga- 
tions and to compare data with these studies.° The 
characteristics of each group are summarized in Table 
I. There were no significant differences in the sex distri- 
bution between the 3 groups. 

Echocardiography: All patients underwent 2-dimen- 
sional, pulsed Doppler and color flow examination us- 
ing a Hewlett-Packard model 77020AC Ultrasound 
Imaging System. M-mode echocardiography was per- - 
formed with either this system or an IREX System II 
Ultrasound Machine. Chloral hydrate (50 to 80 mg/ 
kg) was used for sedation when necessary. Phonocar- 
diograms, electrocardiograms, and indirect carotid or 
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TABLE ! Patent Characteristics 


Group 2 
>6 m.o., 
<3 y.o. 
{n = 38) 


17 + 9 months 
11.5 + 5.3 
24/14 


Group 3 
>3y.0., 
<20 y.o. 
(n = 139) 


arcup 1 
<6 m.o. 
In = 27) 


Age 
Weight (kg) 
Male/female 


77 + 51 days 
9.62 1.8 
16/11 


9 + 4 years 
32.6 + 16.9 
73/66 


Data are expresaed as mean + standard deviation. 
m.o. = months zd; y.o. = years old. 


axillary pulse tracings were simultaneously recorded. 
Peak systoliz and diastolic blood pressures were ob- 
tained from a Dinamap 845-XT Vital Signs Monitor 
(Critikon). M-mode data consisted of left ventricu- 
lar end-diasolic and end-systolic dimensions (LVED, 
LVES) and wall thicknesses (heq, hes) and end-diastolic 
septal thickress(s). End-systole was defined as the first 
component o` the second heart sound. 

Left ventricular ejection time (ET,) was derived 
from the pulze trace and rate-corrected to a heart rate 
of 60 beats, min by dividing by the square root of the 
RR intervaL ° The pulse trace was calibrated by as- 
signing the s/stolic blood pressure to the peak and the 
diastolic blood pressure to the nadir of the trace. The 
end-systolic pressure (P) was obtained by linear inter- 
polation to the dicrotic notch.° 

Shorten ag fraction (SF = [LVED — LVES]/ 
LVED) and heart rate-corrected VCF (VCF = SF/ 
ET.) were celculated. Left ventricular end-systolic me- 
ridional WS. was determined by the method of Gross- 
man et al,!! which has been validated by Lang et al!?: 


(1.35)(P)(LVES) 


WS: g/cm’) = (1 + h,/LVES) 


where 1.35 s the conversion factor from mm Hg to 
g/cm’. This is a reliable index of afterload.!2 

Left ven-.-icular mass was calculated from the meth- 
ods of Devereux et al!?: 


LV mass(g) = 
((0.8)(1.04)(LVED + h.a +s)’ — (LVED’)] + 0.6 


This was incexed by dividing by body surface area. 
Six cardiac cycles were measured for each patient. 
All echocardiographic measurements were made by 
sonographer: with special expertise in WS determina- 
tion and who were unaware of patient status and age. 
With use of these techniques, intra- and interobserver 
variability is excellent within our laboratory.!4 
Reproducibility of velocity of circumferential fiber 
shortening Ww wall stress determinations: Twenty-five 
patients umcerwent a total of 44 repeat echocardio- 
grams (2 tc 5 repeat studies per patient) at 1-day to 43- 
month interzals to determine the reproducibility of the 
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TABLE il Echocardiographic Results 
Group 1 Group 2 


2.8 + 0.3* 


Group 3 


Left ventricular end- 3.8 + 0.5*+ 
diastolic dimension 
{cm) 

Left ventricular end- 
systolic dimension 
(cm) 

Left ventricular end- 
diastolic wall thickness 
(cm) 

Left ventricular end- 
systolic wall thickness 
(cm) 

End-diastolic saptal 
thickness (cm) 

Left ventricular end- 
systolic pressure (mm 
Hg) 

Shortening fraction (%) 

Heart rate~corrected 
velocity of circumf2ren- 
tial fiber shortening 
(circ/s) 

Wall stress (g/cm?) 

Mass (g/m2) 


1.8 + 0.3* 2.5 + 0.4*t 


0.3+0.09 0.42+0.09 0.5 + 0.16*f 


0.7+0.13 0.74015 1.1 + 0.2*t 


0.3 +0.08 0440.07 0.5+0.14*t 


73412 77212 82 + 10*ł 


35 +6 
1.15 + 0.2 


36245 
1.09 + 0.12 


34 +6 
1.06 + 0.17* 


36 + 11 46 + 15* 48 + 13% 
34+ 12 38+ 10 48 + 13*t 


*p <0.05 compared with group 1; tp <0.05 compared with group 2. 

Data are expressed as mean + standard deviation. 

Group 1 = patents <6 months old; group 2 = patients > 6 months and <3 years 
old; group 3 = patients > 3 and <20 years old. 





VCF to WS relation. No patient received any cardio- 
active or cardiotoxic medication during this period. 

Statistical analysis: To investigate reproducibility, 
each VCF, WS pair for the 44 repeat studies was com- 
pared with the confidence limits established for the age- 
appropriate study population to determine if there was 
consistency of the determinations of contractile state. 

Unadjusted means for echographic variables were 
compared between each group and differences were 
tested for significance by pairwise ft tests. Analysis of 
covariance was performed to find a model to fit the 
relationship of VCF and WS. Independent variables 
considered in the analysis included weight, age, (age)? 
and sex. The same analysis was performed with the 
subjects divided into the 3 age groups. Using the gener- 
al linear models program (GLM) in SAS (SAS Insti- 
tute, Carey, North Carolina), a model of VCF and WS 
was obtained. This model tested for differences between 
individual regression lines for each group, as well as the 
main effect of WS on VCF. Mean values of VCF were 
compared between the groups after adjusting for the 
effect of WS. 


RESULTS 

Echocardiographic data: The echocardiographic re- 
sults are summarized in Table II. As expected, left ven- 
tricular end-diastolic and end-systolic dimensions and 
thicknesses increased significantly between groups. Al- 
though there were no significant differences in shorten- 
ing fraction, VCF was significantly higher in group 1 
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(aged <6 months) than in group 3 (aged >3 years) 


(p <0.05). Irdexed left ventricular mass was signifi- 


cantly higher in group 3 than in the younger groups (p 
<0.05). 

Velocity ct circumferential fiber shortening to wall 
stress relatiea: Reproducibility analysis showed that 
only 1 of the: 44 repeat paired data points (YCF, WS) 
resulted in a difference in classification of contractile 
state. All other pairs were concordant. 

The data points, mean regression line and 95% 
confidence limits for each of the 3 groups are shown 
in Figure 1. There was a significant main effect of WS 
on VCF in each group (p <0.001). WS was related to 
VCF in an mverse linear fashion. The final model 
derived frorr the analysis of covariance was: Mod- 
el VCF = W3 + (AGRP) + (AGRP)(WS) where 
AGRP = patents age group. In addition, there were 
significant di erences in the slopes and y-intercepts be- 
tween groups 1 and 3 (p <0.01) and between groups 2 
and 3 (p <005). With increasing age, the slope and y- 
intercept deczzased (Figure 2). There was also a lower 
correlation co2fficient between VCF and WS with age. 

There wes no relation between gender and fiber 
shortening. Tne slopes and y-intercepts for male pa- 
tients within cach group were not statistically different 
from those o the female patients. 


DISCUSSION 

Colan et a° demonstrated that the VCF to WS re- 
lation in a sLbgroup of 30 children (3 to 18 years old) 
did not differ significantly from that in adults. Like- 
wise, Franklix et al!> studied 44 children (2 to 13 years 
old) and repcrted similar results. The parameters of the 
relation in the patients of these 2 studies are almost 
identical to tzat of the older children (group 3) in our 


VCF e 
(CIRC/SEC) ` 


beer 
naa een, mw 
a ata 





study. Preliminary data by Colan et al suggest that the 
y-intercept of the relation is higher and the slope is no 
different in patients <6 months old than in those >6 
months old. Our study would not support this conten- 
tion. There is an increase in both slope and y-intercept 
in the younger patients, so that the youngest patients 
have the steepest slope and the highest y-intercept (Fig- 
ure 2). The older the patients, the more flat the slope 
and the lower the y-intercept becomes so that a “family 
of relationships” related to age seems to prevail. 

It is interesting to speculate why the relation of 
VCF to WS exhibits age dependence during the first 
years of life. Research on lambs has demonstrated sig- 
nificant differences in preload reserve and basal con- 
tractile state between the young and adult lamb hearts. 
Investigators have shown that the young myocardium 
has less preload reserve (i.e., it generates less force at 
any given preload) than the adult myocardium.?!¢ 
Other studies of lambs suggest that the newborn lamb 
operates at a higher contractile state than the adult 
lamb.7~?:!6!7 Our study would bear this out and also 
suggests that the younger left ventricle has a higher 
basal inotropic state at low afterload (WS). In addition, 
the left. ventricle in young patients tolerates higher af- 
terload less well because shortening is depressed more 
than in older children. Also, in the younger children, 
VCF was much more dependent on afterload. A simi- 
lar result has been found in lambs. Romero and Fried- 
man® demonstrated that VCF decreased to significantly 
lower levels in response to increased arterial pressure in 
young lambs compared with older lambs. They con- 
cluded that in the young lamb, shortening was more 
highly dependent on afterload, that there was limited 
ability to alter peripheral vascular resistance, and that a 
mismatch between inotropic state and afterload existed. 


FIGURE 2. The mean regression 
lines for the heart rate—correct- 
ed velocity of circumferential 
(CIRC) fiber shortening (VCF) 
and left ventricular end-systolic 
meridional wall stress (WS) in 
group 1 (solid line), group 2 
(dashed line) and group 3 (bold, 
dashed line). With increasing 
age group, the regression line 
had a more shallow slope and 
lower y-intercenpt. 
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Other investigators have also demonstrated increased 
sensitivity to afterload and impaired shortening at high- 
er levels of afterload in the newborn compared with the 
adult lamb.'?!8 Our data suggest that similar condi- 
tions exist in the human infant. 

It is interesting to note that mass indexed for body 
surface area increased between groups | and 2 and be- 
tween groups 2 and 3. The latter difference was statisti- 
cally significant (p <0.05). It may be that mass must 
increase even relative to body size in order for WCF to 
be less dependent on afterload. 

Our results demonstrate that the VCF to WS rela- 
tion is reproducible over time. The relation is age-de- 
pendent in the first years of life. It has no relation to 
gender. Therefore, the age dependence of the VCF to 
WS relation must be taken into account when assessing 
contractile state. 
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Sudden Unexpected Death in Persons 
<40 Years of Age 


{aacov Drory, MD, Yoseph Turetz, MD, Yehuda Hiss, MD, Boaz Lev, MD, 
=nrique Z. Fisman, MD, Amos Pines, MD, and Mordechai R. Kramer, MD 


This study retrospectively assesses the underly- 


ing causes c* sudden unexpected death and the 
occurrence Jf prodromal symptoms in 162 sub- 
jects (aged I to 39 years) over a 10-year period 
(1976 to 1235). Underlying cardiac diseases ac- 
counted for sudden death in 73% and noncar- 
diac causes in 15% of subjects. In 12% of sub- 
jects, the camses were unidentifiable. Myocardi- 
tis (22%), hypertrophic cardiomyopathy (22%) 
and conduction system abnormalities (13%) 
were the ma or causes in 32 subjects aged <20 
years. Major causes of 46 deaths in subjects 20 
to 29 years were atherosclerotic coronary artery 
disease (24°5), myocarditis (22%) and hypertro- 
phic cardionsyopathy (13%). The largest number 
of deaths in 34 subjects aged 230 years was at- 
tributed to ceronary artery disease (58%), fol- 
lowed by myocarditis (11%). Among noncardiac 
causes of sudden death, intracranial hemorrhage 
was the mos: frequent (5%), followed by infec- 
tious diseas=« (4%). Prodromal symptoms were 
reported by 54% of subjects; most frequent 
were chest pain (25%) in subjects aged 220 
years, and dizziness (16%) in those aged <20. 
Sudden deat, which occurred during routine 
daily activitr in 49% and during sleep in 23% of 
subjects, wes related to physical exercise in 
23% and emotional upset in 6%. Sudden unex- 
pected death in the young is still an unresolved 
medical promem. The early recognition of pro- 
dromal symptoms could be crucial in the preven- 
tion of sudden death, specifically when exercise- 
related. 

"Am J Cardiol 1991;68:1388-—1392) 
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dom encountered. The occurrence of this phe- 

nomenon in presumably healthy young men or 
women is highly dramatic and arouses the concern of 
the medical profession and of society as a whole. Anec- 
dotal reports provide the main source of available 
information. Relatively few large scale studies have 
been conducted!--°; those examining young adults have 
mostly been concerned with military populations.>-° 
Our main objective was to investigate the phenomenon 
of sudden death among young persons in the general 
population. The occurrence of prodromal symptoms 
was thoroughly investigated. 


S udden unexpected death in young persons is sel- 


METHODS 

Study population: It is obligatory for all deaths of 
undetermined cause in Israel to be investigated at the 
Institute of Forensic Medicine in Tel Aviv. All death 
records for the period 1976 to 1985 were retrospectively 
examined. All subjects aged 9 to 39 years who died 
suddenly and unexpectedly were included in the study. 
Sudden death was defined as death resulting from nat- 
ural causes and cccurring within 24 hours of onset of 
terminal symptoms or signs.!! Deaths related to trauma 
or to previously diagnosed underlying diseases, such as 
asthma, epilepsy, chronic renal failure, and coronary 
artery or congenital heart disease, were excluded, as 
were sudden deaths in specific patient populations (e.g., 
institutionalized retardates, alcoholics and drug ad- 
dicts). One hundred and ninety-eight subjects met the 
aforementioned criteria for sudden unexpected death. 
Of 198 subjects, autopsy was performed in 162 (82%) 
who constituted the study population. Sociodemograph- 
ic variables did not differ among subjects who under- 
went autopsy and those who did not. There were 134 
(83%) men and 28 (17%) women (ratio 5:1). Subjects 
were grouped by age, as follows: 32 (20%) — 9 to 19 
years; 46 (28%) — 20 to 29 years; and 84 (52%) — 30 
to 39 years. One hundred and forty-six subjects (90%) 
died 0 to 6 hours after onset of a change in clinical 
state, and 16 (10%) died 6 to 24 hours later. 

Data collection: Data on sociodemographic back- 
ground, circumstances of death, eyewitness accounts, 
prodromal symptcms and autopsy results were extract- 
ed from files at the Institute and keyed into the com- 
puter. 


NOVEMBER 15, 1991 


Autopsy: All 162 autopsies were performed at the 


^N institute by 7 experts in pathology and forensic sciences. 


The routine protocol included a systematic examination 
of the heart, and an assessment of the thickness of the 
free walls of both ventricles, as well as of the interven- 
tricular septum. The major coronary arteries and the 
secondary branches were dissected mechanically. Nar- 
rowing of >50% was regarded as evidence of arterio- 
sclerotic coronary artery disease. Histological examina- 
tions of the myocardium, the coronary arteries and seri- 
al sections of the conduction system were performed in 
each case. Myocarditis was diagnosed when focal or 
diffuse infiltration of mononuclear cells and neutro- 
phils, together with myocytolysis or patchy myocardial 
necrosis and interstitial edema, were detected.!2 Hy- 
pertrophic cardiomyopathy was diagnosed when the 
thickness of the anterior wall of the left ventricle mea- 
sured >16 mm and when there was disproportionate 
hypertrophy of the interventricular septum, as well 
as disarray of hypertrophied myofibers with extensive 
or perivascular fibrosis, on microscopic examination. '? 
Conduction system disease was determined by focal 
disruption or fibrous tissue replacement, as well as 
acute or chronic inflammatory disease of atrioventricu- 
lar nodes, His bundle or bundle branches. !2 

Prodromal symptoms: We carefully reviewed the 
occurrence of prodromal symptoms, defined as any 
change from normal health status considered notewor- 
thy by the subject and reported to his family, friends or 
medical authorities.3-!3 

Statistical analysis: Chi-square tests were used to 
examine differences between groups; p values <0.05 
were considered significant. 


RESULTS 

Causes of sudden death: Underlying cardiac dis- 
eases accounted for 118 of 162 (73%) deaths. Noncar- 
diac etiologies were identified in 25 deaths (15%). In 
the remaining 19 deaths (12%), the cause was unidenti- 
fiable. Causes of sudden death in the 3 age groups are 
listed in Table [. Rates of cardiac, noncardiac and un- 
identifiable causes did not differ significantly, although 
individual causes accounted for some differences. Myo- 
carditis, hypertrophic cardiomyopathy and conduction 
system abnormalities were the major underlying causes 
in subjects aged <20 years (Table I). In subjects aged 
230 years, coronary artery disease was the most fre- 
quent cause, followed by myocarditis. Hypertrophic 
cardiomyopathy was infrequent. In the 20- to 29-year- 
old age group, coronary artery disease and myocarditis 
were the most frequent causes, followed by hypertro- 
phic cardiomyopathy (Table I). 

Pathologic evidence for acute myocardial infarction 
was found in 32 of 60 (53%) subjects with caronary 
artery disease who died suddenly and unexpectedly; a 





TABLE I Causes of Sudden Unexpected Death——Distr. bution 
by Age Group 


<20 Years 20-29 Years >30 Years 
Causes of Death (%) (%) (3) 


35 (76) 62 (74) 
11 (24) 49 (58)* 


21 (66) 
0 (0) 


Cardiac 
Atherosc erotic ccro- 
nary artery disease 
Myocarditis 
Hypertroahic cardiomy- 
opathy 
Dilated cardiomyopathy 
Endocardial fibroelas- 
tosis 
Conduction system ab- 
normalitiest 
Aortic stenosis 
Aortic regurgitation 
Congenital coronary 
anomalyt 
Coronary vasculitis 
Myocardial fibrosis 
Noncardiac 
Intracranial hemorrhage 
Heat stroke 
Respiratory tract infec- 
tion 
Meningococcal menin- 
gitis 
Pneumococcal sepsis 
Hemorrhage due to ex- 
trauterine pregnancy 
Brain tumor§ 
Pulmonery embolism 
Rupture of aortic aneu- 
rysm 
Fatty liver 
Unidentifiable 
Total 
*p <0.001. 
tFocal fibrosis in 4 supjects, and presence of inflammatory cells along the His bundle 
in 2. Mitral valve prolapse was found in 2 of 6 subjects. 


tAnomalous origin of the left coronary artery from the right sinus of Valsalva. 
§Meningioma, astrocytoma (1 subject each). 


7 (22) 
7 (22) 


10 (22) 
6 (13) 


9 (11) 
2 (2) 


2 (4) 
o (0) 


1 (1) 
D (0) 


1 (3) 
2 (6) 
4 (13) 2 (4) 9 (0) 
0 (0) 
O (0) 
O (0) 


1 (2) 
0 (0) 
1 (2) 


D (0) 
1 (1) 
D (0) 


0 (0) 
0 (0) 
8 (25) 
3 (9) 
3 (9) 
1 (3) 


1 (2) 
1 (2) 
6 (13) 
3 (7) 
O (0) 
1 (2) 


J (0) 
3 (0) 
11 (13) 
2 (2) 
1 (1) 
2 (2) 
1 (3) 0 (0) 9 (0) 
0 (0) 
0 (0) 


1 (2) 
0 (0) 


D {0} 
2 (2) 


O (0) 
O (0) 
0 (0) 


Q (0) 
1 (2) 
0 (0) 


2 (2) 
D (0) 
1 (1) 


i (1) 
11 (13) 
84 (100) 


0 (0) 
3 (9) 
32 (100) 


0 (0) 
5 (11) 
46 (100) 





recent thrombus was present in 28 of the 32 (87%). 
One-vessel coronary artery disease was found in 33 of 
60 (55%) subjects (left anterior descending coronary 
artery lesion: 25 of 33 [76%]), 2-vessel disease in 15 
(25%), and 3-vessel disease in 12 (20%). The rate of 
acute myocardial infarction (8 of 11 [73%] vs 24 of 49 
[49%] subjects), and presence of a recent thrombus (6 
of 8 [75%] vs 22 of 24 [92%] subjects) did not differ 
significantly between the <30- and = 30-year-old age 
groups. However, the number of coronary arteries in- 
volved differed significantly; 1-vessel disease was found 
in 10 of 11 (91%) and in 23 of 49 (47%) subjects aged 
<30 and =30 years, respectively (p <0.01). 
Intracranial hemorrhage was the most common 
noncardiac cause of sudden death (8 subjects [5%]). 
The hemorrhage was intracerebral in 4 subjects, sub- 
arachnoid in 3 and combined in 1. Circle of Willis an- 
eurysm was identified in only 1 of 8 subjects. Glioblas- 
toma multiform accounted for intracranial bleeding in 
1 younger subject. In 6 subjects (4%), infectious dis- 
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TABLE H Prodromai Symptoms in the Major Diagnostic Groups 


Hypertrophic 
Cardiomyopathy 


Myocarditis 
{n = 26) {n = 15) 
Symptoms (%) (%) 


22 (37) 2 (13) 
5 (8) 3 (20) 


4 (15) 
O (0) 


Chest pain 

Gastrointestit z| symp- 
toms 

Dyspnea 

General mala= 

Febrile illness 

Dizziness 

Headache 

Syncope 

Weakness, fa:Bue 

Back pain 

Palpitations 

Tota! number cf subjects 
who reporter prodromal 
symptoms* 


7 (12) 
2 (3) 
1 (2) 
3 (5) 
1 (2) 
1 (2) 
2 (3) 
1 (2) 
O (0) 
31 (52) 


1 (4) 
4 (15) 
0 (0) 
1 (4) 
0 (0) 
0 (0) 
1 (4) 
0 (0) 
0 (0) 
9 (35) 


1{7) 
1 (7) 
1 (7) 
0 (0) 
1 (7) 
1 (7) 
O (0) 
0 (0) 
0 (0) 
9 (60) 


Conduction 


Intracranial System Infectious Unidentifiable 
Hemorrhage Abnormalities Disease Cause 
{n = 8) {n = 6) (n = 6) (n = 19) 


(%) (%) (%) (%) 


2 (10) 
O (0) 


0 (0) 
2 (10) 
3 (16) 
0 (0) 
2 (10) 
1 (5) 
O (0) 
0 (0) 
0 (0) 
9 (47) 





*Several symptas were reported by some subjects. 
CAD = atherosc erotic coronary artery disease. 


ease, mostly ~espiratory tract infection, was the cause 
(Table I). 

Cardiac ceuses of sudden death were more frequent 
in men (105 of 134 [78%]) than in women (13 of 28 
[46%]; p <001). Noncardiac causes were more often 
encountered 11 women (11 of 28 [39%]) than in men 
(14 of 134 [10%]; p <0.01). A significantly higher inci- 
dence of corcnary artery disease in men (56 of 134 
[42%]) than in women (4 of 28 [14%]; p <0.01) ac- 
counted for tke difference between the sexes in cardiac 
causes. The rore frequent noncardiac causes in women 
included: intrecranial hemorrhage (5 women [18%] vs 3 
men [2%]); =rain tumor (2 women [14%] vs 0 men 
[0%]); and acute bleeding (2 women [14%] vs 0 men 
[0%]; p <0.01). 

ProdromzÍ symptoms: Prodromal symptoms were 
reported by & of 162 (54%) subjects. The incidence of 
these symptoms did not differ significantly between 
men and women (74 of 134 [55%] vs 13 of 28 [46%)]), 
nor among thz 3 age groups (18 of 32 [56%], 26 of 46 
[57%], and 43 of 84 [51%], in subjects aged <20, 20 to 
29, and 230 years, respectively). Chest pain was most 
frequent in surjects aged =20 years, and was relatively 
infrequent in those aged <20 years (32 of 130 [25%] vs 
2 of 32 [6%]: p <0.05). Dizziness was most widely re- 
ported by subjects aged <20 years, and was relatively 
infrequent in those aged =20 years (5 of 32 [16%] vs 3 
of 130 [2%]; p <0.01). Syncope, reported by 2 to 4% of 
subjects, was nfrequent in all 3 age groups. 

Before sutien death 63 of 87 subjects reported 1 
symptom, 19 ceported 2 symptoms, 3 reported 3 symp- 
toms and 2 -eported 4 symptoms. Fifty-four of 87 
(62%) subjeczs reported symptoms within 24 hours, 15 
(17%) within 1 to 7 days, 8 (9%) within 8 to 30 days, 
and 10 (12%) >30 days before sudden death. 


Prodromal symptoms were reported by 50 to 60% of 
subjects in most major diagnostic groups (Table II). 
The symptoms were somewhat less frequent (35%) in 
myocarditis, and more frequent (83%) among deaths 
resulting from infectious disease (Table II). However, 
these differences were not significant. Table II shows 
distribution of prodromal symptoms in the major diag- 
nostic groups. Because of the small number of subjects 
it was difficult to establish a relation between prodro- 
mal symptoms and underlying causes of sudden death, 
with the excepticn of chest pain, which was more fre- 
quent in coronary artery disease than in death from 
other causes (22 of 60 [37%] and 12 of 102 [12%], re- 
spectively; p <0.01). 

Circumstances of sudden death: The circumstances 
were established in 137 of 162 (85%) subjects; 67 
(49%) died during routine daily activity, 31 (23%) dur- 
ing sleep, 31 (23%) had exercise-related deaths, and 8 
(6%) had deaths related to emotional upset. Death dur- 
ing routine daily activity was more frequent in subjects 
aged > 30 years (62 vs 35% in subjects aged <30 years; 
p <0.01); exercise-related sudden death was more fre- 
quent. in the younger than in the older subjects (31 vs 
14% of <30- and 230-year-old age groups, respective- 
ly; p <0.05). 

The circumstances did not differ significantly in 
deaths from cardiac, noncardiac or unidentifiable 
causes (Table III); however, individual causes account- 
ed for some differences. Sudden death during sleep was 
more often encountered in myocarditis (9 of 22 [41%] 
vs 22 of 115 [19%] subjects whose deaths were attribut- 
able to other causes; p <0.05), Exercise-related sudden 
death was significantly more frequent in cardiomyopa- 
thy (hypertrophic, dilated or endocardial fibroelastosis) 
(8 of 20 [40%] vs 23 of 117 [20%] deaths from other 
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causes; p <0.05). Deaths resulting from heatstroke 
were exclusively exercise-related (4 of 4 [100%] vs 27 of 
133 [20%] as a result of other causes; p <0.002). Con- 
genital coronary anomaly and aortic stenosis accounted 
for exercise-related sudden death in 1 subject each. 

Prodromal symptoms were reported by 42 of 67 
(63%) subjects who died during routine daily activity, 
18 of 31 (58%) whose deaths were exercise-related, 15 
of 31 (48%) who died during sleep, and 4 of 8 (50%) 
who died after an emotional upset. No statistically sig- 
nificant differences were demonstrated among these 
groups. Syncope was exercise-related in 4 of 5 subjects. 
Otherwise, no relation was established between prodro- 
mal symptoms and circumstances of death. 


DISCUSSION 

This study demonstrates the distribution of causes of 
sudden death, and the incidence of prodromal symp- 
toms in young persons. We believe that the study popu- 
lation of 162 subjects (aged 9 to 39 years) who died 
suddenly and unexpectedly is among the largest series 
investigated. 

Cardiac causes accounted for sudden death in most 
subjects. Our findings concur with various other stud- 
ies,!3 but lack agreement with others.*°.8 Neuspiel and 
Kuller? demonstrated that the incidence of cardiac 
causes of sudden death increases with age (children 
20%, adolescents 30%, young adults 40%, aged 240 
years 75%). In our study, the incidence was >65% in 
the 3 age groups (aged <20, 20 to 29, and =3C years) 
and was remarkably lower in women. 

Coronary artery disease was the major cause of 
death in subjects aged 230 years (58%), and the most 
frequent cause in the 20- to 29-year-old age group 
(24%). In previous studies, the incidence of this disease 
among subjects aged 18 to 39 years who died suddenly 
was approximately 30%.4°.!9 A higher rate (76%) was 
reported among British soldiers’ whose ages ranged 
from 18 to 55 years. 

Myocarditis was a major cause of sudden death, ac- 
counting for 16% in all subjects and for 11 to 22% in 
the 3 age groups. Lower prevalence rates (1 to 7%) 
have been recorded previously.!:2°:7819 However, a 
higher prevalence (17%), compatible with our data, 
was found in another recent study.!4 Lack of uniform 
diagnostic criteria may account for this inconsisiency.!4 

Hypertrophic cardiomyopathy accounted for sudden 
death in 17% of subjects aged <30 years, thus support- 
ing the assumption that this disease is a significant pre- 
cursor of sudden death in the young. !!31516 Right ven- 
tricular cardiomyopathy, which has recently been asso- 
ciated with sudden death in young people,!? was absent 
in our subjects. Our report supports that of Bharati & 
Lev,'8 which showed that congenital abnormalities of 
the conduction system play a significant role in precipi- 





TABLE Ul Circumstances of Sudden Unexpected 
Death——Distribution by Underlying Causes 


Cardiac Noncardiac Unidentifiable 
(n= 100) (n= 21) (n = 16) 
Circumstances of Death (%) {%) (%) 
47 (47) 11 (52) 9 (55) 
23 (23) 5 (24) 3 (19) 
25 (25) 4 (19} 2 (12) 
5 (5) 1 (5) 2 (12) 


Routine daily activity 
Physical exercise 
Sleep 


Emotional upset 


tating sudden death in the young. We also endorse the 
hypothesis that mitral valve prolapse is an infrequent 
cause of sudden death.!3 

Congenital coronary anomalies, particularly anoma- 
lous origin of the left coronary artery from the right 
sinus of Valsalva, have been increasingly reported as 
the cause of sudden death in the young.!3:!9-2! These 
deaths are usually exercise-related and associated with 
almost total occlusion of the anomalous artery during 
exercise. 312-20 However, our study shows that congeni- 
tal coronary anomalies should be viewed as an infre- 
quent cause of sudden death in the young. The higher 
incidence previously reported?! may derive from a 
growing interest in and a tendency to publicize such 
cases. This study reviews a 10-year period and is be- 
lieved to include all sudden deaths in our voung popula- 
tion; thus, it probably reflects the accurate incidence 
attributable to congenital coronary anomalies. 

The low incidence of sudden death during sleep? 
was not confirmed; subjects who died during routine 
daily activity outnumbered by a ratio of only 2:1 deaths 
that occurred during sleep. Considering the actual 
hours usually given to both activities, this finding does 
not indicate reduced risk for sudden death during sleep. 
Exercise-related sudden death occurred in 23% of 
subjects, and a similar rate (15 to 30%) was ob- 
served among young subjects, mostly in military popu- 
lations.°-§ Sudden death associated with acute emotion- 
al upset has lately become a subject of increasing inter- 
est.?3 Data on population-based incidence rates are 
lacking; therefore, comparison with our rate of 6% was 
not feasible. 

The incidence of prodromal symptoms reported by 
54% of subjects did not differ significantly among the 
various age, sex and diagnostic groups, nor in differing 
death circumstances. Previous studies demonstrated a 
75 to 80% incidence of prodromal symptoms among 
older persons who died of coronary artery disease,” 
and a substantially lower rate (25%) among the 
young.? The major importance of syncope has been 
noted in studies mainly concerned with athletic or 
military populations and with exercise-related sudden 
death.?:!*25 In our study, syncope was reported by just 
3% of subjects. The most frequent prodromal symp- 
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toms were crest pain and dizziness in subjects aged 
220 and <2. years, respectively. 

There is a need for early evaluation of prodromal 
symptoms in prevention of sudden death as indicated 
by our data. Although prevention of sudden death in 
the young is a major issue, the extent to which this can 
be achieved 13 questionable. A more practical objective 
is the prevention of exercise-related sudden death?!26 in 
which the reccgnition of prodromal symptoms could be 
crucial. 


Acknowledgment: We thank Sylvia Gefen for help 
in editing the manuscript. 
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EDITORIAL 


The Mystery of Nitrate Resistance 


Jonathan Abrams, MD 


Ithough nitrate tolerance 1s a well-recognized 
A phenomenon in angina pectoris and congestive 

heart failure (CHF), the problem of primary 
resistance or nonresponsiveness to nitroglycerin (NTG) 
and the organic nitrates is not widely recognized. In 
this issue of the Journal, Varriale and colleagues have 
replicated the results of previous clinical investigations 
that have documented nitrate resistance in patients with 
severe CHF.!~? In addition, the authors have again 
demonstrated that a high systemic venous pressure 
(manifest by a mean right atrial pressure of 17 + 4 
mm Hg) or gross-dependent edema, or both, are vari- 
ables that predict an increased likelihood of nitrate re- 
sistance,!:>89 The current report, while devoid of data 
regarding the underlying mechanisms of nitrate resis- 
tance, should serve to remind clinicians that resistance 
is a potential problem in subjects with heart failure 
treated with nitrates as adjunctive therapy. 

The study demonstrated that a substantial propor- 
tion of sick (class III to IV) patients with CHF may 
not respond to intravenous NTG with a desirable de- 
crease in left or right ventricular preload, despite ad- 
ministration of very large doses. Magrini and Niar- 
chos,? Armstrong,!? Elkayam,>° Kulick® and their co- 
workers previously documented this phenomenon in 
similar patient cohorts. Furthermore, this study mirrors 
the earlier Italian experience demonstrating that vigor- 
ous diuretic therapy restores nitrate responsiveness,” al- 
though the mechanism(s) is unclear. 

These observations are important for clinicians. Ni- 
trate therapy is effective in patients with CHF, and, in 
class III to IV patients, can improve the signs and 
symptoms of heart failure with substantial hemody- 
namic benefit. Furthermore, in combination with hy- 
dralazine, isosorbide dinitrate has been shown to reduce 
mortality in patients with class H to I CHF in 2 ran- 
domized trials.!°!! Thus, it is essential to administer 
organic nitrates in an effective manner. The data of 


From the Department of Medicine /Cardiology Division, the University 
of New Mexico School of Medicine, University of New Mexico Hospi- 
tal, Albuquerque, New Mexico. Manuscript received August 20, 1991, 
and accepted August 25. 

Address for reprints: Jonathan Abrams, MD, the Department of 
Medicine/Cardiology Division, the University of New Mexico School 
of Medicine, University of New Mexico Hospital, 7 South, 2211 Lomas 
Boulevard NE, Albuquerque, New Mexico 87131. 


Varriale et al, when put into context with earlier trials, 
indicate that severely ill subjects with CHF, typically 
with biventricular failure, require particular vigilance in 
documenting a nitrate response. 

For the investigator, this study raises important 
questions about the pathophysiology of nitrate resis- 
tance. Future well-designed trials of nitrate resistance 
are indicated to establish the true prevalence of resis- 
tance, provide a better understanding of the neurohu- 
moral interrelations, and carefully assess regional blood 
volume, venous capacitance and arterial vascular resis- 
tance. 

Which patients are nitrate resistant? This study 
demonstrates the benefits that can be derived when in- 
dividual patient data are presented along with group 
data in the assessment of clinical responses to a particu- 
lar therapy. Most studies of vasodilator therapy in 
CHF report mean group data. Thus, the problem of 
individual subjects with poor response to a therapy may 
not be obvious. Many studies of nitrates in heart failure 
do not report resistance as a problem, despite the use of 
high doses of NTG or isosorbide dinitrate. Further- 
more, the criteria used to define nitrate resistance vary 
from study to study. Finally, increasing the nitrate dose 
can diminish the apparent frequency of the problem in 
the same patient cohort.!34°:8? The prevalence of ni- 
trate resistance in a variety of investigations document- 
ing this problem ranges from 12.54 to 50%.37 Although 
New York Heart Association class or ejection fractions 
are not always provided in these reports, hemodynamic 
monitoring suggests a comparable degree of elevation 
of left and right ventricular filling pressures in the vari- 
ous patient cohorts.!~? Subjects with systolic or diastolic 
dysfunction, or both, are included in some studies; it is 
unknown if nitrate resistance is a common occurrence 
in patients with the CHF syndrome and intact left ven- 
tricular function (isolated diastolic dysfunction) be- 
cause data are not available to allow such analysis. 

It is clear that nitrate resistance is present only in 
severe CHF, often but not always including subjects 
with peripheral edema.!-8 In the present study and in 
some other reports (but not all), the presence of an ele- 
vated right atrial pressure, as well as dependent edema, 
have been found to be helpful in predicting the likeli- 
hood of nitrate resistance.!:28? Edema as a “risk fac- 
tor” is specifically cited in a minority of studies, and 
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was apparerfly not present in the reported largest co- 
hort.® 

It is uncdzar if nitrate resistance is an important 
problem in the therapy of angina pectoris. Most sub- 
jects with chest discomfort due to coronary atheroscle- 
rosis predictebly respond to sublingual NTG. Only 
group data ace generally reported in angina protocols, 
and NTG “ronresponders” are often excluded from the 
actual studie. Nevertheless, my impression is that pa- 
tients with aina pectoris rarely experience true nitrate 
resistance, acd almost all patients obtain relief from 
ischemic pan with rapid-acting NTG formulations 
within 4 to % minutes, 

What is tre basis for nitrate resistance? Varriale et 
al propose a variety of possible mechanisms, as do other 
investigators. >®:? which include: mechanical compres- 
sion of the p=ripheral vasculature or surrounding tissue, 
or both; salt and water infiltration of the blood vessels; 
an overly ergorged and noncompliant venous circula- 
tion, presumably unable to further dilate; decreased 
bioavailabilit~ of delivered drug; altered nitrate metab- 
olism (sulfhedryl depletion) within the vascular smooth 
muscle cell; and excessive neurohumoral activation with 
marked systemic arterial (and venous) vasoconstriction. 
None of the factors have been systematically investi- 
gated. Several studies have measured plasma nitrate 
levels in resis:ant subjects, and have demonstrated ade- 
quate drug concentrations. !:7 

Neurohumoral activation is a particularly attractive 
candidate. Tke hypothesis is that subjects who are resis- 
tant to nitrates have more intense systemic venous and 
arterial constiction due to excessive elevations of cate- 
cholamines, angiotensin II, and other bioactive sub- 
stances, such as renin or arginine vasopressin. Further- 
more, the rænt documentation that plasma endothelin 
levels are increased in CHF!? suggest that endogenous 
endothelial vesodilator activity is likely to be attenuated 
in CHF, acd that endogenous vasoconstrictor sub- 
stances are dominant. NTG is considered to be an ex- 
ogenous endcthelial-relaxing factor,!3 and works in the 
absence of n=ormal endothelial function; therefore, endo- 
thelial dysfu-ction, per se, is not a plausible explanation 
for nitrate resistance, because NTG is considered to be 
actually more potent in the presence of abnormal endo- 
thelial function. !4 

Extrapolation of data from Elkayam et al do not 
suggest that neurohumoral activation is greater in ni- 
trate-resistan= patients; these workers measured plasma 
renin, epine=irine and norepinephrine before and dur- 
ing a 24-hoar infusion of intravenous NTG, and were 
unable to demonstrate any differences in patients with 
CHF who cad or did not subsequently develop nitrate 
tolerance. However, no measurements of renin or cate- 
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cholamines were reported in patients (5 of 40) who did 
not respond to the initial intravenous NTG infusion. 
Thus, rapid and excessive elevation of plasma and tis- 
sue levels of various vasoconstrictor substances (norepi- 
nephrine, epinephrine, angiotensin IJ, endothelin and 
arginine vasopressin) remain a possible mechanism for 
nitrate resistance. 

is nitrate resistance an exaggerated variant of ni- 
trate tolerance? Many studies have documented a re- 
markably rapid onset of tolerance or attenuation to ni- 
trates, beginning within several hours of administration, 
and reaching a significant degree of vascular hypore- 
sponsiveness within 24 hours.4-®?:!>-!9 Jt is attractive to 
view nitrate resistance as a compressed model of nitrate 
tolerance, manifesting an immediate rather than de- 
layed failure of the vasculature to respond to organic 
nitrates. Tolerance in general, and in CHF in particu- 
lar, is a complex phenomenon, with multiple causation. 
The sulfhydryl or cysteine depletion theory remains an 
important concept underlying attenuation to nitrate ac- 
tion. Armstrong! and Elkayam® and their co-workers 
suggested rapid intracellular sulfhydryl depletion as a 
possible mechanism for resistance; some studies,!® but 
not all,! have demonstrated reversal of nitrate toler- 
ance in CHF with sulfhydryl donors in patients given 
high doses of intravenous NTG. Investigations using 
prior or simultaneous administration of sulfhydryl do- 
nors, such as methionine or N-acetylcysteine, could be 
designed to answer this question. I believe that sulfhy- 
dryl depletion or unavailability is an unlikely single 
cause for nitrate resistance. 

Two recent studies have documented remarkably 
rapid alterations in plasma volume and onset of neuro- 
humoral activation in patients with CHF!> and in nor- 
mal subjects*® with induced NTG tolerance. Dupuis et 
al!5 confirmed a plasma volume shift within the first 
hour of NTG therapy, as well as increases in arginine 
vasopressin and epinephrine in several subjects within 
a similar time interval. Parker et al? demonstrated a 
prompt decrease in hematocrit and increase in weight, 
consistent with salt and water retention due to docu- 
mented neurohormonal activation after transdermal 
NTG application. These changes occur quite rapidly. 
Thus, it is conceivable that extremely fast shifts of plas- 
ma volume or neurohumoral activation, or both, could 
play a role in nitrate resistance. 

Elevated right atrial pressure and edema: Finally, it 
may be useful to speculate on the significance of the 
elevation in right atrial pressure and the presence of 
peripheral edema as markers for nitrate resistance. 
Both are indicative of severe biventricular heart failure 
and marked engorgement of the venous capacitance 
system. Tissue or vascular compression due to intersti- 
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tial and cellular edema could play a role in the hypore- 
sponsiveness of the venous system to nitrates in the 
presence of resistance. Nitrate efficacy in CHF is mod- 
ulated by both venous and arterial vasodilation. De- 
creases in right or left ventricular filling pressures are 
presumed to be due to regional and systemic venodila- 
tion. After NTG administration, the circulating blood 
volume is redistributed away from the heart and lungs 
to the mesenteric and splanchnic circulations and to the 
legs and arms.?!-23 A high right atrial pressure appears 
to be a marker for an impaired ability of the venous 
bed(s) to vasodilate, probably due to a combination of 
mechanical (high tissue and intravascular pressure) and 


vasoconstrictor forces. Reduction of tissue edema with: 


diuretics may act mechanically on the blood vessels, but 
is unlikely to reduce vasoconstrictor forces. Perhaps the 
efficacy of diuretics in restoring nitrate responsiveness 
indicates that neurohumoral mechanisms are less im- 
portant. Elkayam,*° Kulick,’ Packer? and their co- 
workers showed that increasing the nitrate dose can 
usually overcome nitrate resistance, although this may 
require huge doses, and not all subjects will respond. 
Resistance is to some degree a dose-response problem; 
larger NTG doses are usually required in patients with 
CHF, and conventional nitrate dosing may not work in 
the sickest patients. 

An elevated right atrial pressure has also been asso- 
ciated with resistance to other vasodilators in CHF, 
including hydralazine** and captopril.” Thus, the prob- 
lem of tolerance to vasodilators may be relatively com- 
mon in patients with severe biventricular failure, per- 
haps helping to explain why these subjects often do 
poorly once refractory CHF has appeared, especially 
those with peripheral edema. It is possible that a very 
high systemic venous pressure is related to decreased 
renal function and blood flow, which might worsen af- 
ter administration of a potent vasodilator,*® increasing 
vasoconstrictor forces. This could help explain the pre- 
liminary report that hydralazine prevented nitrate toler- 
ance in a rat model of CHF2’; it was postulated that 
renal blood flow was preserved by the co-administration 
of hydralazine. In any case, the clinical paradox is that 
patients most in need of vasodilator therapy may be 
least likely to respond. 

Conclusion: Clinicians need to be more aware of the 
problem of nitrate resistance. Careful assessment of pa- 
tients with CHF with physical examination and chest 
x-ray can help identify those most likely to be resistant. 
Thus, a high jugular venous pressure and the presence 
of peripheral edema are good indicators that nitrate re- 
sistance is likely to be present (perhaps as high as 50% 
in some class III to IV subjects). A poor clinical re- 
sponse may mandate a pulmonary artery catheter, 


as suggested by Varriale, although vigorous diuresis 
should first be performed in edematous patients. Such 
an approach should optimize nitrate therapy in these 
seriously ill patients. 

For investigators, nitrate resistance remains an enig- 
ma that deserves further attention. I believe that care- 
fully designed trials would unravel the mysteries of ni- 
trate resistance and provide important new clues as to 
the mechanisms of nitrate vasodilatation and nitrate 
tolerance. 
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Reproducibility and Relation to the Degree of Myocardial Ischemia of 
Postexercise Electrocardiographic Changes in Stable Angina Pectoris 


Giuseppe Pupita, MD, Ornella Mattei, MD, Domenico Mazzara, MD, Maurizio Centanni, MD, 
Gino Fabrizio Ferretti, MD, Carla Rimatori, MD, Paolo Dessi-Fulgheri, MD, Paolo Russo, MD, and 


Alessandro Rappelli, MD 


the recovery phase after exercise in patients with 
stable angina pectoris. The relation between a pro- 
longed postexercise ST-segment depression and the de- 
gree of impairment of exercise tolerance, extent and se- 
verity of coronary artery disease, presence of collateral 
circulation and degree of left ventricular dysfunction has 
been investigated.'-> Little is known about the reproduc- 
ibility of postexercise ST-segment changes, and few stud- 
ies have investigated the possible determinants of recov- 
ery duration in individual patients; in addition most stud- 
ies have focused on the possible role of body position 
during and after exercise®’ or of exercise type.’ This 
study investigates the reproducibility of postexercise ST- 
segment changes and identifies which parameters are 
capable of influencing them in individual patients. 
We studied 18 patients (16 men, 2 women), aged 
53 to 66 years (mean 61 + 4) with chronic stable 
angina without appreciable changes in clinical status 
in the previous 3 months; at the time of the study 4 
patients were asymptomatic, 14 had effort angina, 7 
reported a variable threshold for effort angina and 4 
had occasional episodes of rest angina. All patients 
had positive exercise test results (horizontal or 
downsloping ST-segment depression 21 mm{ 1 mm = 
0.1 mV]), angiographically documented coronary ar- 
tery disease (internal diameter reduction 270% of 1 
vessel in li patients, of 2 vessels in 5 patients and of 3 
vessels in 2 patients) and no previous myocardial in- 
farction. Duration of symptoms ranged from 0.3 to 10 
years (mean 2.4 + 2.4). All patients were in sinus 
rhythm and none had evidence of heart failure, car- 
diomyopathy or valvular disease. All patients had a 
normal S'T-segment level at rest and none were taking 
digitalis. Each patient had undergone =2 treadmill 
exercise tests with the modified Bruce protocol and 
was familiar with the test environment before study 
entry. Written informed consent was obtained from all 
patients. After antianginal drug withdrawal (2.2 days 
for nitrates and calcium entry blocking agents and = 4 
days for 8-blocking agents) all patients underwent 2 
exercise tests in consecutive days. Exercise tests were 


I n recent times, increasing attention has been paid to 
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performed between 0900 and 1200 hours; the room 
temperature was kept at 20 to 24°C. Patients were 
requested to abstain from smoking for 23 hours and 
from eating xanthine-containing food and drinks for 
> 12 hours before the tests. Within a week, all patients 
performed an exercise test immediately after the ad- 
ministration of 0.5 mg of sublingual nitroglycerin; the 
effects of nitroglycerin were evaluated by comparison 
with the second exercise test without therapy. The 
modified Bruce protocol was used’; end points were 
fatigue, progressive angina and S'T-segment depres- 
sion =3 mm, After exercise, patients were asked to 
recover in the sitting position. Twelve-lead eléctrocar- 
diograms and blood pressure monitoring were record- 
ed during the control period and at l -minute intervals 
during exercise and for =6 minutes during recovery. 
The level of the ST segment, 60 ms after the J point, 
was calculated in all 12 leads by a computer-assisted 
system (Burdick ExTol 700) measuring the ST-seg- 
ment level with a precision of 0.1 mm. The electrocar- 
diographic lead showing the greatest ST-segment de- 
pression was selected for analysis. In each test recov- 
ery duration was calculated as the time from peak 
exercise to the end of recovery (point at which the ST 
segment returns to baseline level + 0.2 mm)? Time, 
heart rate and heart rate—systolic blood pressure 
product (rate-pressure product) at 1 mm of ST-seg- 
ment depression and at peak exercise were also mea- 
sured. Continuous data are presented as mean + stan- 
dard deviation. Statistical analysis was performed by 
Student's t test for paired and unpaired data, as ap- 
propriate. Differences between proportions were ana- 
lyzed with chi-square or Fisher exact test, as appro- 
priate. Correlations between parametric data were 
performed by linear regression analysis; correlations 
between parametric and nonparametric data were per- 
formed using the Spearman rank correlation coeffi- 
cient. A p value <0.05 was considered statistically 
significant. 

Exercise parameters during repeat testing without 
therapy showed a high degree of reproducibility. All 
tests were positive for ST-segment depression in both 
occasions, very high correlation coefficients were ob- 
tained for heart rate at 1 mm ST-segment depression 
(113 + 35 vs 114 + 34 beats/min, r= 0.95, p 
<0.0001), heart rate at peak exercise (128 + 24 vs 129 
+ 24 beats/min, r = 0.94, p <0.0001), rate-pressure 
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FIGURE 1. Reproducibility of recovery duration during repeat 
exercise testing without therapy. Line across the graph is the 
identity line. 


product at . mm ST-segment depression (187 + 73 
vs 189 + 73 beats/min - mm He - 10°, r = 0.96, p 
<0.0001), rette-pressure product at peak exercise 
(223 + 65 =s 223 + 69 beats/min + mm He - 10°, 
r= 0.91, p =0.0001), and peak ST-segment depres- 
sion (1.65 = 0.45 vs 1.72 + 0.52 mm, r= 0.69, p 
<0.005). Exercise time showed a significant increase 
comparing tw second exercise test to the first; time at 
1 mm ST-sezment depression increased from 385 + 
232 to 466 + 230 seconds (p <0.01) and time to peak 
exercise inc~zased from 517 + 196 to 619 + 211 
seconds (p <9.005). Nevertheless exercise times both 
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at 1 mm ST-segment depression and at peak exercise 
showed a very high correlation coefficient (r = 0.89 
and r = 0.87, p <0.0001 for both). Postexercise ST- 
segment changes also showed a high degree of repro- 
ducibility. Recovery duration was 5.3 + 2.1 minutes 
during the first exercise test and 5.4 + 2.4 minutes 
during the second, yielding a correlation coefficient of 
0.97 (p <0.000!) (Figure 1). It is worthwhile to ob- 
serve that the points distribution in Figure I rules out 
any systematic over- or underestimation of recovery 
duration comparing one test with the other. Recovery 
duration was not related to any exercise parameter 
during exercise testing without therapy. In particular, 
no significant correlation was found between recovery 
duration and heart rate at 1 mm ST-segment depres- 
sion (r = 0.16, p = not significant [NS]), heart rate 
at peak exercise (r= 0.15, p = NS), rate-pressure 
product at | mm ST-segment depression (r = 0.39, 
p= NS), and at peak exercise (r = 0.19, p= NS). 
Recovery duration was not significantly related to 
exercise time at 1 mm ST-segment depression and at 
peak exercise both during the first exercise test 
(r = 0.35, p= NS; r = 0.45, p = 0.06, respectively) 
and during the second (r = 0.32, p = NS; r= 0.41, 
p= NS, respectively); changes in exercise time at 1 
mm ST-segment depression and at peak exercise be- 
tween the 2 exercise tests without treatment were not 
related to changes in recovery duration (r = 0.12 and 
0.15, respectively, p = NS for both). No relation was 
found between number of diseased vessels and recov- 
ery duration (r = 0.34, p = NS), in particular, recov- 
ery duration was 4.9 + 1.9 minutes in patients with 1- 
vessel disease compared with 6.3 + 2.2 minutes in 
patients with multivessel disease. Similarly, the abso- 
lute amount of ST-segment depression did not predict 
the duration of recovery (r = 0.39, p = 0.09). Sublin- 


FIGURE 2. Effects of sublingual nitroglyc- 
erin (GTN) on recovery duration in the 
overall population (panel A) and in sub- 
groups with (group I, panel B) and without 
(group ll, panel C) a reduction of 20.5 
mm in maximal ST-segment depression 
after nitroglycerin. NS = not significant. 
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gual nitroglycerin administration resulted—on aver- 
age—in a significant increase in exercise time, heart 
rate and rate-pressure product at 1 mm ST-segment 
depression (from 462 + 218 to 531 + 200 seconds, p 
<0.05; from 105 + 10 to 123 + 17 beats/min, p 
<0.005; from 156 + 19 to 190 + 35 beats/min + mm 
Heg 107, p <0.002 respectively), Similarly a signifi- 
cant increase in exercise time, heart rate and rate- 
pressure product was observed at peak exercise (from 
620 + 217 to 709 + 217 seconds, p <0.05; from 130 + 
26 to 144 + 24 beats/min, p <0.001; from 224 + 68 to 
244 + 56 beats/min -mm Hg + 10°, p <0.05, respec- 
tively). Maximal ST-segment depression decreased 
from 1.62 + 0.43 to 1.10 + 0.71 mm (p <0.05), be- 
coming <I mm (range 0.1 to 0.8 mm) in 7 patients. 
Recovery duration was significantly shortened after 
administration of sublingual nitroglycerin, decreasing 
from 5.4 + 2.3 to 3.5 + 2.7 minutes (p <0.02) (Figure 
2). Patients were subsequently divided into 2 groups: 
those with (group I, n=9) and without (group I, 
n= 9) a decrease of 20.5 mm in maximal ST-seg- 
ment depression after nitroglycerin. The 2 groups 
were not significantly different with regard to exercise 
parameters without treatment or to nitroglycerin-in- 
duced changes in exercise parameters, after nitroglyc- 
erin, ST-segment depression decreased from 1.84 + 
0.42 to 0.60 + 0.55 mm in group I patients, and was 
unchanged in group H patients (1.40 + 0.35 vs 1.60 + 
0.47 mm). A significant reduction in recovery dura- 
tion was only observed among group I patients (from 
5.9 + 2.2 to 2.5 + 2.3 minutes, p <0.02), whereas no 
significant changes in recovery duration were observed 
in group H (4.9 + 2.4 vs 4.5 + 2.9 minutes, p = NS) 
(Figure 2). Changes in recovery duration after nitro- 
glycerin were closely related to changes in maximal 
ST-segment depression (r = 0.77, p <0.001) (Figure 
3). Conversely, no correlation was observed between 
changes in recovery duration and changes in exercise 
time, heart rate and rate-pressure product at 1 mm 
ST-segment depression (r = 0.03, 0.02 and 0.09, re- 
spectively, p = NS for all) or changes in exercise time, 
heart rate and rate-pressure product at peak exercise 
(r = 0.01, 0.04 and 0.14, respectively; p = NS for all). 

Our study shows that postexercise ST-segment 
changes are a highly reproducible parameter: in fact, 
comparing recovery duration during repeat exercise tests 
without therapy, a very high correlation coefficient was 
obtained. The reproducibility of exercise parameters has 
already been demonstrated to be good in several studies. 
Similar results have also been obtained in our patients, 
especially regarding heart rate and rate-pressure product 
at the ischemic threshold; exercise time was prolonged 
during the second exercise test, a phenomenon that can 
be ascribed to an already described! “training effect” 
most likely resulting from improved biomechanical effi- 





ciency. However, our study specifically addresses the 
issue of the reproducibility of postexercise ST-segment 
changes, showing that these changes are as much repro- 
ducible as the other exercise parameters. We found no 
relation between recovery duration and exercise time, 
heart rate and rate-pressure product at peak exercise, 
number of diseased vessels, and amount of ST-segment 
depression: Although a previous study suggested a trend 
toward a more prolonged ST-segment depression in pa- 
tients with strongly positive exercise test results com- 
pared to patients with milder ST-segment changes, !! our 
data are in agreement with the majority of previous 
studies??? showing no association between a prolonged 
recovery period and more extensive coronary artery dis- 
ease or markedly impaired exercise tolerance. In our 
study no relation was found between a prolonged recov- 
ery duration and a low ischemic threshold, in contrast to 
a previous report’: these differences are likely to be due to 
the relatively small number of patients enrolled in the 
present study and to the considerable overlap between 
patients with long and short recovery periods found in 
that studyv.? Previous studies have shown that recovery 
duration can be influenced by body position during or 
after exercise,’ and not by the modalities with which the 
exercise is performed.’ Our study strongly indicates that 
in individual patients the degree of myocardial ischemia 
is the principal determinant of recovery duration. Indeed, 
in our study changes in recovery duration were closely 
related to changes in the amount of ST-segment depres- 
sion developing at peak exercise; similar data had also 
been obtained by Detry and Bruce,!* who found de- 
creased ST-segment depression during and after exercise 
after administration of sublingual nitroglycerin: however, 
no relation between maximal ST segment depression and 
recovery duration was proposed in that study. Recovery 
duration changes appear to be independent of changes in 
hemodynamic parameters; in fact no significant correla- 
tion was found between changes in recovery duration and 
changes in heart rate or rate-pressure product both at 1 


r= 77 
p<0.001 
SS 


SSR 


EL? 


4 6 8 10 


A Recovery duration (minutes) 


FIGURE 3. Relation between changes (4) in recovery duration 
and changes in maximal ST-segment depression (A ST). 
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mm ST-segment depression and at peak exercise. A limi- 
tation to this =>nclusion is the fact that we used nitroglyc- 
erin as a meas of producing changes in exercise-induced 
myocardial ischemia; we cannot rule out that when ad- 
ministering Guugs with different mechanisms of action, 
correlations b2tween exercise parameters and recovery 
duration maz be observed. In conclusion, postexercise 
ST-segment cianges are highly reproducible. The dura- 
tion of the recovery period is relatively independent of 
maximal ST-segment depression, exercise time and he- 
modynamic parameters; however, in individual patients, 
its changes are closely related to changes in the degree of 
myocardial ischemia, independently of the work load at 
which it occurs. Postexercise ST-segment changes are a 
potentially ve uable parameter in evaluating interven- 
tions aimed = modifying onset and regression of exer- 
cise-induced —1yocardial ischemia. 
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Hemodyramic Resistance to Intravenous Nitroglycerin In Severe 
Congestive Heart Failure And Restored Response After Diuresis 


Philip Varrial=, MD, William J. David, MD, and Basil E. Chryssos, MD 


wide variety of organic nitrate preparations are 

often used in the management of congestive 

heart zailure (CHF). This class of drugs exerts a 
vasodilatory action, predominantly on the venous capaci- 
tance vessels, “hat leads to a reduced ventricular filling 
pressure and sSually without an increase in cardiac out- 
put.!:2 Two major problems exist that deter its wide- 
spread acceptence as an effective drug in CHF: the de- 
velopment of tolerance and hemodynamic resistance or 
primary drug Gailure. Tolerance is responsible for the loss 
of hemodynarric and clinical benefits after nitrate thera- 
py has been -mitiated.3-> An absent or feeble hemody- 
namic respons to nitrates, a relatively common occur- 
rence, has been reported to occur in approximately 
> 50% of treac2d patients.*? However, nitrate resistance 
is not always xpparent when intravenous nitroglycerin is 
used without semodynamic monitoring. This study was 
designed for 2 purposes: (1) to substantiate previously 
described hemodynamic and clinical correlates of CHF 
predictive of resistance to intravenous nitroglycerin,®’ 
and (2) to det=rmine whether hemodynamic modifica- 
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tion using alternate drug therapy might restore respon- 
siveness to nitroglycerin. 

Twenty-six patients (14 men and 12 women, mean 
age 71 +12 years) with severe chronic CHF (class IV) 
refractory to previous drug therapy had bedside he- 
modynamic evaiuation (Swan-Ganz catheter) and 
guided drug therapy. Coronary artery disease was the 
exclusive underlying cause of heart failure; 12 pa- 
tients had associated hypertension and 9 patients had 
diabetes mellitus. Nine patients had edema of the 
dependent portion of the body including the sacrum. 
The left ventricular ejection fraction in 14 patients 
ranged from I1 to 53% (mean 32 + 14) and all pa- 
tients had cardiomegaly and marked pulmonary con- 
gestion on chest x-ray. 

A balloon-tipped Swan-Ganz thermodilution 
catheter was placed into the pulmonary artery after 
all previous medications (digoxin, diuretics and vaso- 
dilators) were discontinued for 2.24 hours. Baseline 
measurements were obtained 12 hours after Swan- 
Ganz catheter insertion to lessen the vagaries of he- 
modynamic changes due to this procedure.’ Pressures 
were recorded in the right atrium, pulmonary artery 
and pulmonary artery occlusive position. Cardiac 
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output was determined by thermodilution from tripli- 
cate measurements. Cardiac, systemic vascular resis- 
tance and stroke volume indexes were computer-de- 
rived (Hewlett-Packard 2648A). 

A nitroglycerin infusion was administered to all 
patients and increased 10 ug every 5 minutes until the 
wedge pressure decreased to relatively normal levels 
(10 to 14 mm Hg) or until a 230% reduction in 
baseline wedge pressure was obtained. Intravenous 
nitroglycerin was given to a maximal dose of 400 
ug/min to achieve this end point or discontinued at a 
lower dosage because of hypotension or excessive 
heart rate changes. Intravenous furosemide was given 
to those who failed to achieve this therapeutic goal as 
follows: 40 mg every 6 hours (using supplemental oral 
potassium as required) and continued until the right 
atrial pressure declined to 10 mm Hg or slightly less. 
Intravenous nitroglycerin was then restarted and the 
dosage titrated upward to achieve the previously de- 
scribed effect on the wedge pressure. Nominai vari- 
ables (sex, edema) were compared using Fisher's ex- 
act test. All other comparisons between responders 
and nonresponders were established using the 2- 
tailed, 2-sampled t test. All values were expressed as 
mean + I standard deviation. A p value <0.05 was 
considered statistically significant. 

Sixteen patients (responders) achieved the desired 
hemodynamic end point after intravenous nitroglycer- 
in (average dose 85 + 7 ug/min); wedge pressure was 
23 + 4mm Hg before treatment and decreased to 13 
+ 3 mm Hg after treatment. In 12 patients wedge 
pressure was restored to a normal range (10 to 14mm 
Hg) and in 4 reduced to = 30% of the baseline value. 
Mean right atrial pressure was 10 + 3 mm Hg be- 
fore treatment and 5 + 3 mm Hg after treatment 
(Figure 1). 

Ten patients (nonresponders) were unable to 
achieve the desired end point after initial treatment 
with intravenous nitroglycerin (dosage range 150 to 
400 ug/min). Right atrial and wedge pressures were 
17 +4 and 29 +6 mm Hg before treatment and 16 + 
4 and 27 + 5 mm Hg after treatment, respectively 
(Figure 1). 

Intravenous furosemide (40 mg) was given every 6 
hours over 0.5 to 3 days to these 10 nonresponding 
patients until a right atrial pressure of approximately 
<10 mm Hg was reached. After diuresis right atrial 
pressure was 9 + 2mm Hg and wedge pressure ‘vas 22 
+ 4mm Hg. After readministration of intravenous 
nitroglycerin (mean 164 + 135 yg/min), right atrial 
and wedge pressures decreased to 6 + 3 and Í3 + 2 
mm Hg, respectively. 

Intravenous nitroglycerin is frequently used for treat- 
ing CHF. Decreased venous return and ventricular filling 
pressures, a principal physiologic effect of nitroglycerin, 






















TABLE I Clinical and Hemodynamic Profile of Responcers and 
Nonresponders to intravenous Nitroglycerin 


Responders Nonresponders p Value 








No. of patients 


Age (years) 74+ 13 66+12 NS 
Men 11 3 NS 
Wormen 5 2 


Peripheral edema 2 7 p <0.05 
Ejection fraction (%) 33 = 14 33 +17 NS 
Hemodynamic variables 
Right atrial pressure 10243 i724 p <0.05 
(mm Hz) 
Wedge prassure 23+4 29 +6 NS 
(mm H2) 
Cardiac irdex (liters/ 2.0 + 0.6 2.0 + 0.3 NS 
min/m2) 
Stroke volume indax 21+8 23 +8 NS 
(mi/mé) 


Systemic vascular 3,308 + 1,175 2,810 + 1,130 
resistance index 


(dynes +s cm5- m) 


NS = not significant. 





derives from its vasodilatory action on the venous capaci- 
tance vessels.?:!° 

Several reports in the last decade have underscored 
the wide spectrum of responses to intravenous nitroglyc- 
erin and other nitrate preparations in CHF.36-7,11,12 
Many explanations have been offered for nitrate resis- 
tance: peripheral edema with decreased venous compli- 
ance, a maximally dilated and engorged venous system 
due to an elevated right atrial pressure, excessive veno- 
constriction due to augmented catecholamines, limited 
bioavailability of the drug, and failure at the cellular 
level, 37.11 

Hemodynamic resistance to nitrates is usually in- 
ferred when wedge pressure reduction is <20 to 30% of 
the baseline value. In a study by Armstrong et al,!! 
intravenous nitroglycerin failed to achieve a wedge pres- 
sure reduction of 225% in 31% of patients with CHF 
despite doses exceeding 400 ng /min. Those patients with 
primary resistance to nitroglycerin had a substantially 


e 
e 
he P0.05 moemoe] 


5 6 7 8 
NON-RESPONDERS 
(N=10) 


0 1 2 3 
RESPONDERS 
(N=16) 





FIGURE 1. Individual and group values of mean right atrial 
pressure (MRAP) for 26 patients (16 responders and 10 non- 
responders) who received intravenous nitroglycerin. 
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higher right atrial pressure than those who did respond 
(19 + 4 vs 10 + 4 mm Hg). A higher incidence of 
hemodynama> resistance to oral isosorbide dinitrate in 
severe CHF was found by Kulick et al.!* Whereas all 
patients wit initial right atrial pressures of <7 mm Hg 
responded tc a dose of 40 mg with a significant decrease 
wedge press.we, only half of the patients with a right 
atrial pressure >7 mm Hg responded to a similar nitrate 
dose; and 25% of patients were unable to respond to an 
even higher zose of 80 to 120 mg. 

In another study by Magrini and Niarchos,’ approxi- 
mately 50% -f patients with CHF who had no hemody- 
namic effect o sublingual nitroglycerin (1.6 to 2.4 mg) 
were identified as having massive peripheral edema. This 
high incidenze of ineffective hemodynamic response to 
nitroglycerin was attributed to impaired venodilatation 
incident to subcutaneous fluid accumulation and in- 
creased mectanical compression. 

In our study, 10 of 26 patients (39%) who received 
intravenous ntroglycerin for CHF, did not respond with 
a reduction in wedge pressure (<30% of baseline) despite 
high infusior rates of 400 ug/min. Nonresponders to 
intravenous r:troglycerin had a higher incidence of clini- 
cal peripheral edema (p <0.05) and a significantly high- 
er baseline r-ght atrial pressure than those who did re- 
spond (17 + 4vs 10 + 3 mm Hg, p <0.05) (Table I). 
Whereas onli 7 of 17 patients (41%) had an effective 
hemodynamk response when the pretreatment right atri- 
al pressure vas >10 mm Hg, all patients with a right 
atrial pressure of <10 mm Hg successfully responded to 
intravenous ntroglycerin. A restored hemodynamic re- 
sponse to intravenous nitroglycerin was then observed 
(wedge pressure 22 + 4 to 13 + 2 mm Hg) in the 10 
patients with primary nitrate resistance after vigorous 
diuretic therazy cleared peripheral edema and reduced 
right atrial pressure to <10 mm Hg. 

The restozation of venous responsiveness to intrave- 
nous nitrogly=erin after prompt reduction in right atrial 
pressure (<10 mm Hg) concurs with the findings of 
previous repcsts and lends credence to the predominant 
role of an elevated right atrial pressure with or without 
concomitant zeripheral edema as the principal underly- 


ing cause of hemodynamic resistance to intravenous ni- 
troglycerin infusion. In the setting of a high systemic 
venous pressure, moreover, the presence of tissue edema 
may further mechanically compress peripheral veins and 
severely compromise the action of nitrates on venodila- 
tation. 

Hemodynamic monitoring (Swan-Ganz catheter) 
may be recommended when intravenous nitroglycerin is 
initiated for the therapy of severe CHF, especially for 
patients deemed difficult to treat. These measurements 
will not only guide titration and dosage of intravenous 
nitroglycerin, but also identify those patients who are 
unable to achieve an optimal wedge pressure and remain 
hemodynamically refractory. In the setting of primary 
nitroglycerin failure, hemodynamic responsiveness to this 
drug may be restored after the use of diuretics that 
enable reduction of right atrial pressure to <10 mm Hg. 
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Severe myocardial ischemia, when sustained, 
leads to a predictable sequence of events, in- 
cluding myocardial necrosis, expansion of the 
infarct, and later its replacement by scar tissue. 
The nonischemic tissue sustains ventricular func- 
tion, but it frequently adapts to the extra load 
placed on it by dilating. The enlargement and re- 
modeling of the left ventricle may lead to ventric- 
ular failure and arrhythmias. Rational manage- 
ment to prevent these complications includes 
restoration of the patency of the occluded vessel 
and ventricular unloading. These two interven- 
tions may be useful both early and late in the 
course of infarction. 

(Am J Cardiol 1991;68:1D—6D) 
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here is considerable variability in the natu- 
[= history of acute myocardial infarction 

(AMI). Although the majority of patients 
recover uneventfully, complications still occur in a 
substantial number. These complications, which 
are often associated with reduced long-term sur- 
vival, may be divided into 3 major groups: (1) pump 
failure, which early in the course may lead to 
cardiogenic shock and pulmonary edema, and later 
to chronic congestive heart failure; (2) electrical 
instability, which may cause ventricular tachyar- 
rhythmias and sudden unexpected death; and (3) 
recurrent ischemia and infarction. Prevention of 
these complications requires an understanding of 
the pathophysiologic consequences of coronary 
artery occlusion. This article, indeed this supple- 
ment, deals primarily with the first group of these 
complications, pump failure, and its prevention. 


EFFECTS OF CORONARY OCCLUSION 

It has been appreciated for more than a century 
that following acute coronary occlusion a number 
of drastic changes occur in the structure and 
function of the myocardium previously perfused by 
the obstructed vessel.! More recently, it has be- 
come clear that important changes also take place 
in the remainder of the myocardium. The conse- 
quent alterations in the topography of the left 
ventricle (ventricular remodeling) represent an 
important consequence of myocardial infarction.’ 

With the sudden onset of severe myocardial 
ischemia, caused by a reduction of blood flow to 
less than approximately 20% of normal (Figure 1 
[1]), the contractile function of the heart rapidly 
becomes impaired. As was pointed out by Tennant 
and Wiggers in 1935,’ within seconds of coronary 
occlusion the severely ischemic myocardium ceases 
to contract. For a relatively brief period, approxi- 
mately 15~20 minutes in the anesthetized dog and 
a similar but more variable period in conscious 
humans, the ischemic myocardium is reversibly 
damaged (Figure 1 [2]). Restoration of perfusion 
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during this period results in a return to normal 
myocardial unction, albeit after what may be a 
prolonged period of postischemic left ventricular 
dysfunction {myocardial stunning).* The duration 
of the period in which the ischemic myocardium 
remains reversibly injured is a function of the 
balance berveen its residual oxygen supply and 
demand. Tus, incomplete or “stuttering” coro- 
nary occluscon and/or the presence of a rich 
network of collaterals prolongs the period of revers- 
ible injury, ~hereas tachycardia and a heightened 
sympathetic state increase myocardial oxygen de- 
mands and abbreviate this period. 

At the ‘ermination of the period of severe, 
reversible isthemic injury, myocyte necrosis com- 
mences, and. if severe ischemia persists, myocardial 
infarction is completed in approximately 3-6 hours 
(Figure 1 [2 ). The duration of this critical period 
also appears to depend on the relation between 
oxygen suprly and demand. In the anesthetized 
dog, a “wavefront” of necrosis proceeds from the 
subendocarzium to the subepicardium,’ and this is 
often the case in the human as well. When myocar- 
dial ischemia and/or infarction is transmural, the 
injured tissue bulges paradoxically when ventricu- 
lar pressur= rises during systole, i.e., it exhibits 
dyskinesis. 

In the case of many infarcts, especially large, 
anterior ons, infarct expansion occurs during the 
hours and days following infarction (Figure 1 [4]); 
the necrotic myocardium thins and elongates. It is 
“pulled apart” as necrotic myocytes slide along one 
another.“ There is a reduction in the number of 
myocytes across the infarcted wall,* and the volume 
of the left wentricular cavity is increased. A high 
intraventricular systolic pressure,’ lack of preexist- 
ing hypertroohy of the ventricular wall, and a large 
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transmural anterior infarction all increase the like- 
lihood of infarct expansion,” aneurysm forma- 
tion,” and cardiac rupture.” The latter complica- 
tion, still an important cause of death in AMI,” 
may be considered to be an extreme form of infarct 
expansion.’ 

A number of processes make the infarcted 
tissue less distensible and thereby reduce or even 
abolish the dyskinesis; these include the early 
development of edema and of an inflammatory 
infiltrate in the necrotic myocardium. Healing of 
the infarct occurs by fibroblast proliferation, colla- 
gen deposition, and ultimately by replacement of 
varying portions of the infarct by scar tissue’*” 
(Figure 1 [5]), which commences several days after 
infarction and may not be complete for many 
months (Figure 1 [6]). A firm scar is obviously less 
distensible than soft, fresh necrotic myocardium, 
but recent evidence suggests that it too may elon- 
gate as a consequence of distending forces." Corti- 
costeroids and nonsteroidal antiinflammatory 
agents (NSAIDs) that reduce edema and inflamma- 
tion provoke infarct thinning and increase the 
likelihood of aneurysm formation and myocardial 
rupture.’ 

The nonischemic myocardium is also affected by 
the development of severe ischemia and then 
infarction.” Acute occlusion of a major coronary 
artery and the resultant dyskinesis of a large 
portion of the ventricular wall, as well as the pain 
and fright that often accompany large infarcts, 
activate the adrenergic~adrenal medullary system 
with resultant stimulation of B-adrenoreceptors 
and increased contractility of the nonischemic 
myocardium. This acts to sustain global ventricular 
function in the presence of dyskinesis of the 
ischemic or infarcted myocardium. If the artery 


FIGURE 1. Temporal sequence of events 
following sudden reduction of coronary 
blood flow (1). During the following min- 
utes, the severely Ischemic myocar- 
dium Is reversibly ischemic (2). This is 
followed by a period of several hours 
during which progressive necrosis oc- 
curs (3). Infarct expansion takes place 
over the next several days (4), followed 
by scar formation and replacement of a 
portion of the ventricle by scar tissue 
(5). Healing Is complete several months 
after the beginning of the process (6). 


perfusing the nonischemic tissue is not obstructed, 
coronary blood flow may increase transiently to 
satisfy the augmented myocardial oxygen demands 
(Figure 2 [7]) and then it returns to control levels 
(Figure 2 [8]). With the waning of the adrenergic- 
adrenal medullary stimuli, the contraction of the 
nonischemic myocardium is enhanced instead 
through the operation of the Frank—Starling mech- 
anism. Akinesis and dyskinesis of the damaged 
myocardium impair ventricular emptying, which 
increases the preload acting on the viable, nonis- 
chemic heart muscle. As a consequence, the ventri- 
cle dilates” and becomes more spherical. With 
cardiac dilation, myocardial wall tension increases, 
according to Laplace’s law (which relates wall 
tension to the product of intraventricular pressure 
and radius divided by wall thickness). This increase 
in wall tension may cause further dilation of the 
non-necrotic tissue” and a vicious cycle in which 
dilation “begets” further dilation, which may lead 
to left ventricular failure.” On the other hand, if 
the patient survives and develops hypertrophy of 
the nonischemic myocardium,” myocardial wall 
tension tends to be restored toward (but pezhaps 
not all the way to) normal.” 

The events in the noninfarcted myocardium 
outlined above can be affected importantly by the 
degree of patency of the noninfarct-related coro- 
nary arteries. When one or more of these vessels is 
severely obstructed, the oxygen supply may not be 
adequate to meet the augmented oxygen demands 
of the noninfarcted tissue. This process may, in 
turn, increase the quantity of myocardium that is 
ischemic, interfere further with ventricular func- 
tion, and/or lead to recurrent infarction. In myocar- 
dium that is rendered chronically ischemic by a 
subtotal coronary obstruction (Figure 2 [9]) the 


FIGURE 2. Events In the myocardium 
other than that perfused by the Infarct- 
related coranary artery. Contractility of 
the nonischemic myocardium is stimu- 
lated by adrenergic-adrenal medullary 
Influences, transiently augmenting the 
oxygen needs of and coronary blood 
flow to the nonischemic myocardium 
(7). Later, blood flow to the nonischemic 
myocardium returns to baseline (8). 
When the Inttlal events that precipi- 
tated Ischemia cause subtotal coronary 
obstruction, the myocardium becomes 
moderately Ischemic (9); It may remaln 
viable but lose its contractile proper- 
tles, Le., be converted to “hibernating” 
myocardium. 
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contractile activity is reduced, sometimes to the 
point of akinesis, but viability may persist; this 
condition has been referred to as “myocardial 
hibernation.” 


SEVEN PRINCIPLES IN THE MANAGEMENT OF 
ACUTE MYOCARDIAL INFARCTION TO 
PRESERVE FUNCTION AND TOPOGRAPHY 

Prevention of infarction of severely ischemic 
myocardium: The foregoing considerations sug- 
gest 7 principles that may be useful in the manage- 
ment of AMI. The first is the prevention of 
infarction. Immediately following thrombotic occlu- 
sion of an atheromatous coronary artery, powerful 
prothrombotic and antithrombotic forces oppose 
one another. Most often the antithrombotic forces 
are dominant and for this reason many coronary 
occlusions are incomplete and/or transient. Such 
incomplete or transient occlusions may be mani- 
fested clinically as repetitive episodes of unstable 
angina, with evidence of transient ischemia at rest 
(ischemic pain, electrocardiographic changes, and 
impaired contraction), but without evidence of 
myocardial infarction. Patients with unstable an- 
gina are at much higher risk of acute myocardial 
infarction than are patients with chronic stable 
angina, and the administration of aspirin and/or 
heparin reduces the incidence of myocardial infarc- 
tion,” probably by tilting the balance in favor of the 
antithrombotic forces and thereby restoring nor- 
mal coronary blood flow (Figure 3 [A]). 

Early reperfusion to limit myocardial infarc- 
tion: [f spontaneous or drug-induced thrombolysis 
occurs before infarction is complete, a nontransmu- 
ral infarct develops. When coronary arteriography 
is carried out during the first 4 hours following the 
onset of symptoms, about 15% of vessels are 
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already patent, probably reflecting spontaneous 
thrombolyss.” The percentage of occluded vessels 
that regain patency increases progressively with 
time.” Th-ombolytic therapy or early mechanical 
revascularization may be viewed, like heparin and 
aspirin in the case of unstable angina, as a means of 
tilting the talance of forces against the thrombus 
(Figure 3 [E]). Early reperfusion may salvage a rim 
of epicardium, prevent the development of a trans- 
mural infarct, and thereby minimize infarct expan- 
sion and its consequences. Sometimes, particularly 
with thromt olytic therapy, myocardial blood flow is 
raised sufficiently to halt infarct progression but 
not sufficiently to restore normal contractility of 
the jeopard_zed myocardium (Figure 3 [B’]). When 
a thrombus is lysed, powerful prothrombotic forces 
are unleasked that can cause prompt coronary 
reocclusion Therefore, it is desirable to treat 
patients wh» receive thrombolytic agents with anti- 
coagulants and/or agents that interfere with plate- 
let aggregacion. There is considerable evidence 
that the earlier that reperfusion occurs, the more 
jeopardized myocardium can be salvaged, the less 
the impairment of left ventricular function,” and 
the lower tke mortality.” Thus, early restoration of 
coronary arterial patency and persistence of pa- 
tency are important therapeutic goals. 

Load recuction to limit myocardial infarction: 

An impcrtant therapeutic goal in patients with 
infarcting myocardium is to diminish the load 
acting on tle left ventricle and its oxygen require- 
ments, therzby salvaging jeopardized cardiac mus- 
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cle. Reducing myocardial load during the first few 
minutes of ischemia may diminish ischemia and 
thereby prevent infarction (Figure 3 [D,]), or 
diminish infarct size (Figure 3[D,]). Reduction of 
wall tension by nitroglycerin during the period of 
reversible ischemia or early in the course of infarc- 
tion appears to be beneficial.” The administra- 
tion of angiotensin-converting enzyme inhibitors 
early during this period may also be useful in 
reducing infarct dilation.” 

Prevention or limitation of reperfusion injury: 

Although early reperfusion may successfully 
salvage reversibly damaged ischemic cardiac mus- 
cle, it may simultaneously accelerate necrosis of 
other reversibly injured tissue, at least in part as a 
consequence of the release of oxygen-derived free 
radicals.” Accordingly, reperfusion of severely 
ischemic and infarcting myocardium has been re- 
ferred to as a “double-edged sword.””’ A fourth 
principle of management of the patient with AMI 
consists of the prevention of reperfusion injury by 
substances such as free radical scavengers (which 
may include sulfhydryl-containing angiotensin- 
converting enzyme inhibitors).*° Although some 
studies in experimental animals support this thera- 
peutic approach,” the results have not been uni- 
form and this approach has not yet been validated 
clinically. 

Ventricular unloading after completion of the 
infarct: Once the infarct is completed, attention 
should focus on prevention of infarct expansion 
and on dilation of the viable myocardium (Figure 3 


FIGURE 3. Therapeutic maneuvers in 
various stages of ischemia and Infarc- 
tion. Severely Ischemic tissue (2) may 
be reperfused, thereby averting myo- 
cardial Infarction (A). infarcting tissue 
(3) may be reperfused leading to spar- 
ing of myocardial tissue (B). If blood 
flow Is restored only in part (B’) the 
myocardium may remain noncontrac- 
tile, although viable, i.e., hibernating. 
After completion of the Infarct (4) late 
reperfusion (C) may still be useful, as 
described In the text. Mechanical reper- 
fusion of moderately ischemic myocar- 
dium (C*) may restore contractility of 
hibernating myocardium to normal. 
Ventricular unloading may be useful 
throughout the preinfarct and postin- 
farct periods. Unloading may reduce 
ischemia, (D.), Infarct size (D,), Infarct 
expansion (D,) and ventricular dilation 
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(D,56]). The chronic administration of orally active 
angiotensin-converting enzyme inhibitors have been 
shown to be effective in the development of cardiac 
dilation in humans” and to prolong survival in rats 
with myocardial infarction.” These agents may also 
exhibit an antiischemic effect,” perhaps by inhib- 
iting the formation of angiotensin II in the walls of 
the coronary arteries,“*” reduce the ischemia of 
the remaining jeopardized tissue, and in this man- 
ner perhaps reduce the incidence of reinfarction, 
an important predictor of late mortality in postin- 
farct patients. 

Establishing late patency of the infarct- 
related artery: There is increasing evidence, albeit 
suggestive, that restoration of patency of an oc- 
cluded coronary artery may be useful even after the 
infarct has been completed” (Figure 3 [C]). An 
open artery may provide a scaffold that limits the 
distensibility of the infarct and, therefore, the 
extent of dyskinesis. An open infarct-related artery 
may also prevent ventricular dilation“ reduce 
electrical instability” and provide perfusion of 
other jeopardized areas of myocardium through 
collaterals. Late reperfusion, 1.e., after infarct com- 
pletion, may occur spontaneously, with the aid of 
thrombolytic agents or as a result of mechanical 
intervention. Revascularization of viable, bui non- 
contracting (hibernating) myocardium (Figure 3 
[C’}) is usually followed by restoration of normal 
contractile activity,“” which in turn may reduce 
the load on the remaining normal myocardium and 
thereby limit its dilation. 

Prevention of scar thinning: Corticosteroids 
and nonsteroidal! antiinflammatory agents (indo- 
methacin, ibuprofen) may interfere with infarct 
healing and the thin scar may aggravate the dyski- 
nesis, cause formation of a ventricular aneurysm 
or, rarely, myocardial rupture." Fortunately, 
aspirin does not appear to exert this deleterious 
effect” and for this reason it is the agent of choice 
in patients in the early stages after myocardial 
infarction who require antiinflammatory agents for 
complications such as acute pericarditis or 
Dressler’s syndrome. 


DISCUSSION 

Remodeling of the ventricle following acute 
myocardial infarction results from the loss of con- 
tractile function of the necrotic tissue, from expan- 
sion of the infarct and from compensatory dilation 
of the nonischemic myocardium. An understand- 
ing of these pathophysiologic processes can lead to 
rational therapy that may involve restoration of 


patency of the infarct-related artery and reduction 
of the load placed on the ventricle. These 2 
approaches may be useful both early and late in the 
course of the infarction. 

This supplement to the American Journal of 
Cardiology provides the proceedings of a sympo- 
sium entitled: “Post Infarction: Ventricular Unload- 
ing and Remodeling,” at which these concepts 
were discussed in detail. Several clinical trials are 
now ongoing that are designed to test whether 
these concepts can be applied to improve the 
outcome in patients after myocardial infarction. 
Four of these trials are described in detail herein. 
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Cellular Basis of Ventricular Remodeling After 





Myocardial Infarction 


Piero Anversa, MD, Giorgio Olivetti, mD, and Joseph M. Capasso, PhD 


To determine whether acute left ventricular fail- 
ure associated with myocardial infarction leads 
to architectural changes in the spared nonis- 
chemic portion of the ventricular wall, large in- 
farcts were produced in rats, and the animals 
were sacrificed 2 days after surgery. Left ventric- 
ular end-diastolic pressure was increased, 
whereas left ventricular dP/dt and systolic pres- 
sure were decreased, indicating the presence of 
severe ventricular dysfunction. Absolute infarct 
size, determined by measuring the fraction of 
myocyte nuclei lost from the left ventricular free 
wall, averaged 63%. Transverse midchamber di- 
ameter increased by 20%, and wall thickness di- 
minished by 33%. The number of mural myocytes 
in this spared region of the left ventricular free 
wall decreased by 36% and the capillary profiles 
by 40%. Thus, side-to-side slippage of myocytes 
in the myocardium occurs acutely in association 
with ventricular dilation after a large myocardial 
infarction. In order to analyze the chronic conse- 
quences of myocardial infarction on ventricular 
remodeling, a second group of experiments was 
performed in which the left coronary artery was 
ligated and the functional and structural proper- 
ties of the heart were examined 1 month later. in 
infarcts affecting an average 38% of the free wall 
of the left ventricle (small infarcts), reactive hy- 
pertrophy in the spared myocardium resulted ina 
complete reconstitution of functioning tissue. 
However, left ventricular end-diastolic pressure 
was increased, left ventricular dP/dt was de- 
creased, and diastolic wall stress was increased 
2.4-fold. After infarctions resulting in a 60% loss 
of mass (large infarcts), a 10% deficit was 
present in the recovery of viable myocardium. 
Functionally, ventricular performance was mark- 
ediy depressed, and diastolic wall stress was in- 
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creased 9-fold. The alterations in loading of the 
spared myocardium were due to an increase in 
chamber volume and a decrease in the myocar- 
dial mass/chamber volume ratio that affected 
both infarct groups. Thus, decompensated eccen- 
tric ventricular hypertrophy develops chronically 
after infarction and growth processes in myo- 
cytes are inadequate for normalization of wall 
stress when myocyte loss involves nearly 40% or 
more of the cells of the left ventricular free wall. 
The persistence of elevated myocardial and cellu- 
lar loads may sustain the progression of the dis- 
ease state toward end-stage congestive heart 
failure. 

(Am J Cardiol 1991;68:7D—16D) 


uman‘“ and animal*” studies of the effects 
H: myocardial infarction on ventricular 

architecture have demonstrated that the 
injured ventricle progressively enlarges with time 
and that this alteration is paralleled by a corre- 
sponding decline in cardiac performance.**” More- 
over chamber dilation is not accompanied by a 
proportional increase in wall thickness? so that 
the ratio of wall thickness to chamber radius is not 
maintained and decompensated ventricular hyper- 
trophy occurs.® The gross morphologic indices of 
ventricular dimensions, that is, wall thickness and 
chamber radius, are the expression of a combina- 
tion of parameters, including the number of myo- 
cytes across the wall, the average myocyte cross- 
sectional diameter and length, and the volume 
composition of the myocardium. For example, 
chamber dilation and wall thinning may come 
about from side-to-side slippage of myocytes within 
the wall," which will result in a reduction in the 
number of mural cells. Were this phenomenon to 
occur, however, the proportion between the myo- 
cyte compartment and the other constituents of the 
tissue, including the vascular framework, would 
remain constant. On the other hand, myocyte 
hypertrophy by cell lengthening alone could be 
expected to result in a large cavity volume without 
altering wall thickness, whereas increases in the 
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lateral dimension of myocytes would have the 
effect of inezeasing wall thickness with no change 
or a decrease in chamber volume.'’*”’ Thus, 
ventricular remodeling after a segmental loss of 
functioning tissue may involve acute movements of 
cells in the all and chronic responses dictated by 
the characteristics of the reactive hypertrophic 
adaptation zf the remaining viable myocytes. Al- 
though grow-h of the unaffected ventricular mass is 
an early event,” it continues to occur throughout 
the healing process” and long thereafter,®”’ lead- 
ing to a pregressive increase in size of the spared 
myocytes so that most of the originally lost myocar- 
dium is rep.aced by fewer enlarged ventricular 
cells." Simze it is current view that myocyte 
growth in hyzertrophy is proportional to the amount 
of stress imzosed on the heart,” the definition of 
the structural and functional properties of the 
infarcted ventricle becomes important in the recog- 
nition of ho» the remodeling of the wall interacts 
with cardiac 1emodynamic parameters in the char- 
acterization of the loading state of the myocardium 
after ischem:c necrosis. The Laplace load on the 
viable cells ill be highly dependent on the ana- 
tomic rearrangements that govern the relation 
between wall thickness, number of cells across the 
wall, chamter radius, and resultant myocardial 
function. = 


MYOCARDIAL INFARCTION AND ACUTE 
VENTRICULAR REMODELING 

After acerte myocardial infarction, pump func- 
tion is reducad in direct proportion to the extent of 
myocardium: zhat is lost on an obligatory basis, i.e., 
ejection fraction falls as a function of infarct 
size.” Infancts affecting 45% or more of the left 
ventricle generate severe myocardial dysfunction 
that may result in sudden cardiac death or acute 
congestive keart failure.“” Patients who survive 
the acute plase may have a significant deteriora- 
tion of left ventricular function when the loss of 
contractile mass may be too great to be compen- 
sated for by the residual myocardium, although 
some improvement occurs in weeks and months 
following thz initial event.” Two critical ques- 
tions remain <o be answered for the understanding 
of the capacity of the heart to sustain large destruc- 
tion in muscl2 mass: the first concerns the magni- 
tude and nazure of the alterations in the loading 
state of the myocardium,’ and the second con- 
cerns the effectiveness of the unaffected myocytes 
to reconstitute functioning tissue.” Therefore, the 
early reactioz of the left and right ventricles after 
an acute segmental loss of myocardium was ana- 


lyzed morphometrically to determine the tissue, 
cellular, and vascular adaptations involved in the 
overall remodeling of the wall after infarction.” 
The significance of evaluating these quantitative 
properties of the surviving myocardium lies in the 
estimation of whether this spared tissue can under- 
take immediate regenerative processes that would 
tend to compensate for the loss of muscle mass and 
function or whether the growth capacity of this 
tissue 1s impaired by the severe stress, so that the 
initial recovery of the ventricle is in greater jeop- 
ardy. 

Ventricular anatomy and wall stress acutely 
after infarction: Two days after occlusion of the 
left coronary artery near its origin in rats, a severe 
impairment of global ventricular function was doc- 
umented by a 19% decrease in mean arterial blood 
pressure, a 17% reduction in left ventricular sys- 
tolic pressure, and a 5-fold increase in left ventricu- 
lar end-diastolic pressure. Moreover, a substantial 
decrease in +dP/dt, —30%, was evident in in- 
farcted hearts, further indicating the occurrence of 
left ventricular failure following coronary artery 
ligation.” The changes in chamber diameter and in 
the thickness of the spared portion of the left 
ventricular wall bordering the infarcted myocar- 
dium, i.e., border zone, and the unaffected interven- 
tricular septum, i.e., remote healthy myocardium, 
are illustrated in Figure 1. The event of myocardial 
infarction was associated with a 20% increase in 
midchamber luminal diameter and a 33% thinning 
of the wall bordering the necrotic zone, whereas 
septal thickness decreased by 23%. 

To establish whether these dimensional changes 
of the infarcted ventricle in combination with the 
impairment of cardiac hemodynamics resulted in 
an alteration in tension on the surviving myocar- 
dium, diastolic wall and septal stresses were com- 
puted from the Laplace relation. In comparison 
with sham-operated rats, diastolic wall and septal 
stresses increased by 8-fold and 7-fold, respectively 
(Figure 2). By assuming that systolic contraction 
affects fiber length by 15% in control animals, 
systolic wall and septal stresses were calculated 
from diastolic measurements and were 1,013 and 
1,128 dynes/mm’, respectively. Even under a very 
unlikely condition of little or no shortening in the 
diseased ventricle, corresponding systolic stress 
values would be 1,129 and 1,237 dynes/mm’, respec- 
tively. These changes would imply increases of 11% 
and 10% in the free wall and septum, which were 
significantly smaller than those found in diastolic 
stress. 

To evaluate the relation between these func- 
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tional—anatomic changes and infarct size, absolute 
infarct size was determined by measuring the 
percent loss of myocyte nuclei in the infarcted 
ventricle. Because the number of nuclei in ventric- 
ular myocytes does not change in adult rats after 
myocardial infarction,” the fraction of nuclei lost 
from the whole ventricle is identical to the fraction 
of tissue destined to become necrotic after coro- 
nary artery ligation.”!”” Coronary occlusion pro- 
duced a 63% loss of myocyte nuclei in the left 
ventricular free wall, whereas the number of nuclei 
in the septum was not affected by the surgical 
procedure (Figure 3). If the septum and free wall 
were combined, a 43% reduction in the total 
number of ventricular nuclei was found. 

In summary, large infarcts of the left ventricle 
lead to acute ventricular dilation and wall thinning, 
which in combination with the alterations in car- 
diac hemodynamics result in a marked elevation in 
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FIGURE 1. Changes in left ventricular (LV) chamber diame- 
ter and In the thickness of the spared portion of the left 
ventricular free wall (FW) and interventricular septum (S) 2 
days after acute myocardial infarction. Vaiues are mean + 
standard deviation. *p < 0.05. 
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FIGURE 2. Changes In diastolic stress In the spared por- 
tion of the left ventricular (LV) free wall (FW) and Interven- 
tricular septum (S) 2 days after acute myocardial infarc- 
tion. Values are mean + standard deviation. *p < 0.05. 


diastolic stress of the spared portion of the free 
wall and interventricular septum. Thus, global 
myocardial remodeling after infarction generates a 
condition of overload on the surviving myocardium 
that consists primarily of a volume component, 
although a pressure element is operative as well. 
This functional state can be expected to induce a 
hypertrophic response of the unaffected cells, char- 
acterized by an increase in myocyte length that 
should exceed the lateral expansion of the cells. 
A pattern of growth consistent with this analysis 
has been found in animal’ and human’” studies 
of myocardial infarction early and late after the 
initial ischemic event. 

Cell movement and wall and chamber remod- 
eling acutely after infarction: As stated before, 
the identification of the structural mechanisms 
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FIGURE 3. Changes In the total number of myocyte nuclei 
In the left ventricular (LV) free wall (FW), interventricular 
septum (S), and entire left ventricle inclusive of the sep- 
tum (T) 2 days after acute myocardial infarction. Values 
are mean + standard deviation. *p < 0.05. 
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implicated :n the adaptation of the ventricular wall 
following myocardial infarction requires the knowl- 
edge of the changes in size and shape of myocytes, 
which are shown together in Figure 4. Two days 
after coronary artery occlusion, myocyte cell vol- 
ume in the surviving portion of the free wali and 
septum incz2ased 22% and 16%, respectively. These 
cellular erkargements were due to 8% and 5% 
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FIGURE 4. Changes In the dimensional properties of the 
spared myocytes in the left ventricular free wall (FW) and 
interventricular septum (S) 2 days after acute myocardial 
Infarction. Va ‘wes are mean + standard deviation. 

*p <0.05. 


increases in cross-sectional area and 13% and 11% 
augmentations in average myocyte length. The 
increases in the lateral and longitudinal dimen- 
sions were not statistically significant, but the 
combination of these effects produced statistically 
significant increases in myocyte cell volume in both 
the border zone and remote myocardium. 

The increase in myocyte diameter with infarc- 
tion appears to be in contrast to the decrease in 
ventricular wall thickness illustrated in Figure 1. 
However, when the number of myocytes across the 
region of the wall bordering the necrotic tissue and 
the remote myocardium was measured, a 36% and 
a 24% reduction in this quantity was found (Figure 
5). As demonstrated in the lower panel of Figure 5, 
the structural reorganization of myocytes was ac- 
companied by a comparable phenomenon in the 
capillary network because the number of transmu- 
ral capillaries decreased by 40% and 26% in the 
ventricle and septum, respectively. The close corre- 
spondence of the changes in wall thickness, 33% in 
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FIGURE 5. Changes In the number of myocyte and capillary 
profiles across the left ventricular free wall (FW) and Inter- 
ventricular septum (S) 2 days after acute myocardial In- 

farction. Values are mean + standard deviation. *p < 0.05. 
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the border zone and 23% in the remote myocar- 
dium, with those in the number of mural myocytes 
and capillaries in the free wall and septum, was due 
to the fact that the increases in cross-sectional 
diameter of myocytes were essentially negligible, 
being 4% in the wall and 2.5% in the septum. 

Muscle fiber slippage after myocardial mfarc- 
tion has been suggested to occur in both animals 
and humans*** and has been assumed to be the 
only mechanism implicated in the thinning of the 
wall acutely after irreversible ischemic injury. Meth- 
odologic limitations, however, have left these con- 
clusions tentative. The results already discussed” 
have characterized not only the occurrence of this 
phenomenon in quantitative terms but also the 
difference in its distribution and magnitude be- 
tween the surviving myocardium bordering and 
that remote from the infarct. Moreover, the contri- 
bution of the capillary network to wall remcdeling 
was unexpected and without precedent. Thus, 
lateral slippage of myocytes is an early event that 
may condition the onset, development, and progres- 
sion of the dilated cardiomyopathy that may evolve 
after an acute myocardial infarction. 

As a result of side-to-side slippage, the rings of 
cells that have moved radially toward the epicar- 
dial region have to enlarge to adapt to the new 
circumference associated with a greater chamber 
diameter.” Moreover, the sliding of myocytes from 
the endocardial to the epicardial surface of the 
ventricular wall must result in an increase in the 
longitudinal axis of the heart proportional to the 
extent of cell slippage. Thus, the reduction of cells 
in the transverse direction leads to an increase in 
the number of cells in the longitudinal axis. The 
major axis of the ventricle will then increase by a 
factor that contains 3 variables: number of cells, 
average cell diameter, and the angle of orientation 
of muscle cells with respect to the longitudinal 
diameter of the heart. Physical alterations in the 
connective tissue compartment involving either 
breakage of the collagen structures interconnect- 
ing myocytes or distortion of the struts laterally 
tethering muscle cells% have to take place to allow 
this process to occur. 

The recognition that side-to-side slippage of 
myocytes within the wall affects not only transverse 
chamber diameter, but also the longitudinal axis of 
the ventricle has important implications for sudden 
increases in chamber volume and in the loading 
state of the myocardium. Moreover, the changes in 
the transverse direction may not necessarily be 
identical to those in the longitudinal direction so 
that alterations in the shape of the heart may 


occur. In this context, a spherical configuration 
corresponds to a condition of minimal and uniform 
stress distribution while an ellipsoid pattern gener- 
ates a greater and dissimilar distribution of stress 
along the myocardial surface and a cylindrical 
shape is associated with the ledst advantageous 
geometry.” These configurational changes after 
infarction are still unclear, although they may 
represent significant variables in the etiology of the 
dilated cardiomyopathic heart of ischemic origin. 

The mechanism of lateral myocyte slippage has 
previously been inferred in wall thickness changes 
accompanying variations of ventricular volume in 
the intact heart in vitro,’ after acute’ and 
chronic’ ventricular dysfunction, as a result of 
transient but repeated episodes of myocardial 
ischemia,” and during the alterations in loading 
condition of the heart associated with the transi- 
tion from the fetal to the adult circulatory system 
early after birth in the rat.“ Recently, a similar 
phenomenon has been suggested to be operative 
following coronary artery constriction.” 


MYOCARDIAL INFARCTION AND CHRONIC 
VENTRICULAR REMODELING 

Having summarized in the preceding section the 
structural events involved in the acute adaptation 
of the heart to ischemic myocardial injury, the 
chronic response of the ventricular myocardium 
will be discussed here in an attempt to identify how 
the growth reaction of the unaffected myocytes and 
their interrelation within the wall participate in the 
characterization of cardiac anatomy late after in- 
farction. Compensatory hypertrophic mecha- 
nisms continue to occur throughout healing and 
thereafter so that the originally lost myocardium is 
replaced by fewer enlarged cells.” However, the 
regeneration of ventricular mass may not be capa- 
ble of normalizing ventricular function and the 
early ventricular dilation with wall thinning may 
complicate irreversibly the long-term outcome of 
myocardial infarction. Moreover, myocyte cellular 
hypertrophy in the regions bordering and remote 
from the infarct may not be adequate to restore 
cell stress within normal limits and this deficiency 
may be a function of infarct size. 

Ventricular anatomy and wall stress chroni- 
cally after infarction: To address the questions 
raised above, the functional and structural proper- 
ties of the heart were examined 1 month after 
coronary artery occlusion, which resulted in in- 
farcts affecting 38% (small infarcts) and 60% 
(large infarcts) of the free wall of the left ventricle. 

Physiologic measurements showed that mean 
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arterial blozd pressure was not affected by a 38% 
infarct, whereas a 60% loss of viable myocardium 
resulted in a 23% decrease in this parameter. In 
addition, a -9% difference in mean arterial pres- 
sure was measured between the two infarct groups. 
Large infar=ts also produced a 20% reduction in 
left ventricular systolic pressure, which, however, 
remained tachanged in rats with small infarcts 
(Figure 6). Although mean arterial pressure and 
peak systoliz ventricular pressure were not altered 
by a 38% -nfarct, left ventricular end-diastolic 
pressure was found to be increased from 2 to 6 mm 


LV End Diastolic Pressure 


[b] 
ha 
3 
n 
n 
i) 
he 
oy 
g 
“4 
= 
© 
+2 
n 
Pa 
vn 
a 
a 
© 
Py 
> 
— 


LV + dP/dt (mmHg/s) 





Small MI Large MI 


FIGURE 6. Charges In left ventricular (LV) end-diastolic 
pressure, left -2ntricular systolic pressure, and left ven- 
tricular dP/dt, =0 days after myocardial infarction (Nil). 
*Significantly &fferent, p <0.05, compared with sham- 
operated contral rats. **Significantly different, p < 0.05, 
compared with “ats with small infarcts. 


Hg. In the presence of a 60% infarct, left ventricu- 
lar end-diastolic pressure reached a value of 16 mm 
Hg, which was markedly higher than that measured 
in control rats and in rats with small infarcts. In 
addition, estimations of dP/dt demonstrated an 8% 
and a 31% reduction in rats with small and large 
infarcts, respectively. Large infarcts showed a 25% 
lower dP/dt value than small infarcts. 

Figure 7 depicts the changes in transverse cham- 
ber diameter and in the thickness of the free wall 
(border zone) and septum (remote myocardium) 
as a consequence of myocardial infarction. 

One month after coronary artery occlusion, 
transverse chamber diameter increased by 6% and 
27% in rats with small and large infarcts, respec- 
tively. Moreover, large infarcts provoked a 20% 
greater ventricular dilation than small infarcts. 
Since the thickness of the ventricular wall border- 
ing and remote from the infarct increased by 8% in 
rats with small infarcts and remained essentially 
constant in rats with large infarcts, the wall thick- 
ness/chamber radius ratios in the border zone and 
remote myocardium did not vary in rats with small 
infarcts but markedly decreased in rats with a 60% 
infarct. 

To establish whether the dimensional changes 
of the infarcted ventricle in combination with the 
impairment of cardiac hemodynamics resulted in 
alteration in tension on the surviving myocardium, 
diastolic stress was computed from the Laplace 
equation. This parameter increased by 2.4-fold and 
2.3-fold in the border and remote regions in rats 
with small infarcts. In the presence of large in- 
farcts, augmentations of 8.8-fold and 9.3-fold were 
measured in the zones adjacent and away from the 
scarred tissue. Moreover, with large infarcts, dia- 
stolic stress was nearly 4-fold greater than with 
small infarcts. 

Additional characteristics pertinent to the recog- 
nition of the magnitude of ventricular remodeling 
associated with infarction are illustrated in Figure 
8. The major longitudinal axis of the ventricle 
increased by 11% in rats with large infarcts. More- 
over, the computation of chamber volume showed 
that marked augmentations in ventricular cavity 
size occurred with infarction. In rats with small 
infarcts, a 15% expansion in chamber volume was 
found, but this change was not statistically signifi- 
cant. On the other hand, large infarcts were accom- 
panied by an 81% increase in cavity volume and 
this chamber enlargement exceeded by 57% the 
dilation generated by small infarcts. In view of the 
fact that the volume of ventricular mass constituted 
by the surviving myocardium of the left ventricular 
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free wall and septum combined decreased by 10% 
in rats with large infarcts, a 50% reducticn in 
ventricular mass/chamber volume ratio was mea- 
sured in this case. In rats with small infarcts, a 15% 
decrease in ventricular mass/chamber volume ra- 
tio was found. 

In summary, myocardial infarction is associated 
chronically with ventricular dilation and an in- 
crease in left ventricular end-diastolic pressure, 
which together contribute to a marked elevation in 
diastolic wall stress. These abnormalities are also a 
function of infarct size. Thus, diastolic overloading 
appears to constitute the prevailing hemodynamic 
alteration in healed myocardial infarction. Since a 
similar condition has been found acutely,” it is 
tempting to speculate that severe ischemic injury of 
the myocardium leads to diastolic dysfunction that 
is not reversed by the hypertrophic reactive process 
of surviving muscle fibers.” Moreover, the expan- 
sions in ventricular chamber volume exceed those 
involving the growth response of the viable myocar- 
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dium, resulting in a decrease in the mass-to-volume 
ratio. These anatomic parameters of the infarcted 
ventricle are consistent with ventricular shape 
changes characteristic of decompensated eccentric 
hypertrophy, the form of hypertrophy that distin- 
guishes the transition from compensated pressure 
and/or volume overload hypertrophy to myocar- 
dial dysfunction and failure.” 

Cell movement and wall and chamber remod- 
eling chronically after infarction: [n an analysis 
identical to that described acutely after infarction, 
the changes in myocyte size and shape are dis- 
cussed first. One month after coronary artery 
occlusion and small infarcts, myocyte cell volume 
increased 43% in the border zone and 20% in the 
zone away from the scarred tissue (Figure 9). After 
large infarcts, the cellular responses were 81% and 
32%. Moreover, cell volume in the group of rats 
with large infarcts was 26% and 10% greater than 
that found in the border and remote regions of rats 
with small infarcts. In the presence of small in- 
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FIGURE 7. Changes in the characteristics of the chamber of the Infarcted left ventricle, thickness of the wall of the unaf- 


. fected myocardium, and midwall clrcumferentilal diastolic stress on the viable tissue, 30 days after myocardial Infarc- 


tion (MI). FW = free wall; LV = left ventricular; S = Interventricular septum. *Significantly different, p <0.05, compared 
with sham-operated control rats. **Significantly different, p < 0.05, compared with rats with small infarcts. 
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farcts, myocyte hypertrophy in the myocardium 
adjacent to the scar was produced by a 7% increase 
in the average diameter and a 25% augmentation 
in mean length. Corresponding increases in the 
presence <f large infarcts were 17% and 33%. 
Changes cd smaller magnitude were noted in the 
remote myocardium. Cell lengthening per nucleus 
averaged 13% and 19% in the presence of small 
and large infarcts. The lateral expansion of myo- 
cytes was =% and 5%. Finally, as a result of a 60% 
infarct, th= diameter of myocytes in the border 
zone was % greater than that of the correspond- 
ing cells acgacent to infarcts comprising 38% of the 
ventricular wall. 

Figure 10 illustrates that 1 month after an 
infarction resulting in a 60% loss of mass there was 
a 12% reduction in the average number of myo- 
cytes across the region of the wall bordering the 
fibrotic tissue, despite the fact that wall thickness 
in this zon= of the injured ventricle was similar to 
that of ccatrol hearts. Moreover, the capillary 
number within the thickness of the wall was also 
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decreased by 14%. In the remote myocardium, 
both myocytes and capillaries were reduced by 8%. 
No change occurred in these myocyte and capillary 
quantities in rats with a 38% infarct. 

In summary, chronic cellular growth mecha- 
nisms after infarction parallel not only the extent 
of myocardium lost on an obligatory basis, but also 
the magnitude of ventricular dilation. Moreover, 
hypertrophy of the spared myocytes in the region 
bordering the scarred tissue is greater than that in 
the portion remote from the infarct, and this 
difference increases with infarct size. 

Importantly, cellular enlargement is character- 
ized by increases in myocyte diameter and length, 
which are consistent with a phenomenon of concen- 
tric and eccentric hypertrophy in the intact ventric- 
ular wall.”” In the presence of large infarcts, an 
additional structural mechanism is implicated in 
ventricular dilation and relative wall thinning. The 
number of myocytes and capillaries across the wall 
decreases in the border and remote myocardium. 
Such a phenomenon of side-to-side slippage of . 
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FIGURE 8. Changes in longitudinal chamber diameter, chamber volume, viable ventricular volume, and their relatlons 30 
days after my»cardlal Infarction (MI). LV = left ventricular. *Significantly different, p < 0.05, compared with sham-oper- 
ated control rzts. **Significantly different, p < 0.05, compared with rats with small infarcts. 
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cells and capillaries within the wall has been shown 
to be an important factor in the acute dilation of 
the infarcted ventricle.” However, the magnitude 
of this process is significantly greater in the acute 
than in the chronic phase of remodeling, raising 
the possibility of the reversibility of this event. 
Thus, negative side-to-side slippage of cells with 
wall thinning early after ischemic injury may be 
counteracted later during healing by an opposite 
positive movement of cells and wall thickening. 
Moreover, muscle fiber slippage appears to be a 
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FIGURE 9. Changes In myocyte cell volume dlameter and 
length per nucleus in the surviving tissue 30 days after 


“myocardial Infarction (Ml). FW = free wall; S = ve 


tricular septum. *Significantly different, p < 0.05, com 
pared with sham-operated control rats. ** Significantly 
different, p <0.05, compared with rats with small infarcts. 





function of infarct size affecting mostly the border 
zone of an infarct. 

In conclusion, ventricular dilation after infarc- 
tion occurs through side-to-side slippage of myo- 
cytes in the myocardium, which characterizes the 
acute adaptive response of the injured ventricle, 
whereas cell lengthening constitutes the prevailing 
mechanism of chamber enlargement chronically. 
These two events contribute to the immediate and 
subsequent elevation in diastolic wall stress, which 
represents the primary mechanical stimulus for 
myocyte hypertrophy. However, decompensated 
eccentric ventricular hypertrophy develops after 
infarction, and growth processes in myocytes are 
inadequate for normalization of wall stress when 
myocyte loss involves nearly 40% or more of the 
cells of the left ventricular free wall. The persis- 
tence of elevated myocardial and cellular loads 
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FIGURE 10. Changes In the number of myocytes and capil- 
larles across the wall of the surviving ventricular myocar- 
dium 30 days after myocardial Infarction (Mi). FW = free 
wall; S = interventricular septum. *Significantly different, 
p <0.05, compared with sham-operated control rats. 
**Significantly different, p < 0.05, compared with rats with 
small infarcts. 
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may sustam the progression of the disease state 
toward end-stage congestive heart failure. 
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Myocardial Infarction and Its Attenuation by 


Angiotensin-Converting Enzyme Inhibition 


Janice M. Pfeffer, PhD 


The extent to which the impaired left ventricle 
dilates may have important prognostic implica- 
tions for survival. To determine the influence of 
infarct size and duration on ventricular dilation, 
the passive pressure—volume relation of the left 
ventricle in the rat after coronary artery ligation 
was obtained. In the early (0.25 to 2 days) phase, 


‘ the pressure-volume relation was relatively un- 


changed in all infarct-size groups, except fora 
rightward shift in the low pressure range for mod- 
erate and Large infarcts and a leftward shift in the 
high pressure range for small infarcts. From 2 to 
7 days, ventricular dilatation occurred in all 
groups in relation to infarct size. Thereafter (to 
106 days), in rats with moderate and large in- 
farcts, the left ventricle continued to dilate. As- 
sociated with this late dilation was a decrease in 
left ventricular chamber stiffness and an in- 
crease in the volume to mass ratio. To determine 
whether the potentially deleterious progression 
of ventricular dilation could be attenuated, the 
angiotensin-converting enzyme inhibitor capto- 
pril was given 2 or 21 days after infarction and 
continued for 3 months. There was a significant 
"overall effect of this treatment in attenuating left 
ventricular dilation, which was most pronounced 
in moderate infarcts. Captopril not only attenu- 
ated the rightward shift of the pressure—volume 
relation, but also markedly lowered left ventricu- 
lar filling pressures so that operating volumes in 
treated rats were considerably reduced com- 
pared with those in untreated rats, even in large 
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infarcts. Therapy with captopril also had an over- 
all effect in prolonging survival, the most benefit 
being observed in moderate infarcts with lesser 
dilated left ventricles. 

(Am J Cardiol 1991;68:17D—25D) 


consequence of myocardial infarction may 

have important prognostic implications for 
survival. Coronary artery ligation in the rat pro- 
duces a broad spectrum of ventricular dysfunction, 
ranging from minimal impairment to overt heart 
failure, depending on the size of the myocardial 
infarction. We examined the manner and extent to 
which the infarcted left ventricle is remodeled 
(changes in volume and/or mass) during both the 
early phase of acute myocardial necrosis and inflam- 
mation and the later phase of fibrous tissue replace- 
ment and histologic healing, or scar formation, and 
beyond. To determine whether the processes of 
ventricular remodeling and dysfunction could be 
altered favorably, the angiotensin-converting en- 
zyme (ACE) inhibitor captopril was administered 
to rats at either 2 or 21 days following myocardial 
infarction and continued for 3 months, after which 
time left ventricular hemodynamics and passive 
pressure-volume relations were obtained. Since 
captopril attenuated ventricular enlargement while 
preserving ventricular performance, this agent was 
administered to rats with myocardial infarctions 
and the rats were followed until death or for a 
period of 1 year to determine the effect of ACE 
inhibition on survival. These data have been re- 
ported in detail elsewhere.” 


l eft ventricular dysfunction and dilation as a 


METHODS 

Longitudinal studies: Myocardial infarctions 
were produced in 279 female Wistar rats using a 
previously described technique of coronary artery 
ligation.*” Left ventricular passive pressure—vol- 
ume relations were obtained during both the early 
(0.25, 1, and 2 days) and the late (7, 19, and 106 
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days) pos-infarction phases by the infusion of 
saline ove> a pressure range of 0-30 mm Hg in 
KCl-arresied hearts.’° The pressure-volume data 
at every uit of pressure from 2.5 to 30 mm Hg 
were fitted by a single, 2-constant exponential, P = 
be”, and t-e value of k was used as an index of left 
ventricular chamber stiffness. 

The left (plus septum) and right ventricles were 
dissected free and weighed separately. Hearts were 
processed for histologic examination by methods 
appropria-2 for the age of the infarct." For each 
histologic section, the lengths of scar (or necrotic 
tissue) and the circumferences of the endocardial 
and epicardial surfaces were determined by planim- 
etry and numerically summed separately. The ratio 
of the sum of scar lengths to the sum of circumfer- 
ences for each myocardial surface was determined 
and these 2 ratios were then averaged and ex- 
pressed in a percentage as infarct size. 

Angiotensin-converting enzyme inhibition and 
ventricular volume: The ACE inhibitor captopril 
(2 g/liter of drinking water), was administered to 
female Wižar rats either 2 or 21 days following the 
production of a myocardial infarction and contin- 
ued for 3 months.” Hemodynamic studies were 
performed in 163 rats in which left ventricular 
pressures were measured and passive pressure- 
volume rektions were obtained. Infarct sizing was 
performed as mentioned above. 

Angiote nsin-converting enzyme inhibition and 
survival: Fourteen days after coronary artery liga- 
tion, 302 emale Wistar rats were assigned to 
therapy wim either the ACE inhibitor captopril (2 
g/liter of c-inking water) or tap water, based on a 
balanced tdock randomization process stratified 
for infarct size according to 3 electrocardiographic 
groups.’ Al animals were followed until death or 
for a perio= of up to 1 year. Pathologic evaluations 
were performed on each animal and the data were 
censored fer thoracic infections. Infarct size was 
determined by planimetry. 

Statistical analysis: For the longitudinal stud- 
ies, infarcts were classified, based on the percent- 
age of the teft ventricle that was scar, as small (>5 
to <30%) moderate (230 to <45%), and large 
(245%). To detect differences between the infarct- 
size groups and the noninfarcted group at each 
time inte-val, a 1-way analysis of variance 
(ANOVA) ‘with Dunnett’s test for 3 comparisons) 
was performed, and to detect differences that 
occurred over time within each infarct-size group, 
a l-way AMOVA (with Duncan’s multiple-range 
test) was p=rformed for each group. For the ACE 
inhibition ard ventricular volume studies, Student’s 


t-test demonstrated no differences in the data 
between the groups in which therapy was initiated 
at 2 or 21 days, and, therefore, the data were 
pooled. Rats with infarcts were classified as small ` 
(<20%), moderate (>20 to <40%), large (> 40 
to <45%), and extensive (>45%). For within- 
treatment comparisons to the noninfarcted group, 
a 1-way ANOVA (with Bonferroni’s t-statistic for 4 
preplanned comparisons) was performed, and for 
between-treatment comparisons at a given infarct 
size, a Student’s t-test was performed. A random 
effects model was employed to examine the overall 
effect of treatment on the pressure-volume rela- 
tions of all rats with infarcts. In the ACE inhibition 
and survival study, rats with infarcts were classified 
as small ( > 5 to <20%), moderate ( >20 to < 40%), 
and large (> 40%). Log rank tests were conducted 
to determine: whether infarct size altered survival 
in the untreated group, whether treatment influ- 
enced survival overall, and in which infarct-size 
group treatment altered survival. 


RESULTS 

Longitudinal studies: The ratio of left ventricu- 
lar weight to body weight did not change with time 
in rats without infarcts or with small infarcts 
(Figure 1). In rats with moderate and large infarcts 
this ratio increased in the early postinfarction 
phase of inflammation and edema, then declined 
during the formation of a discrete scar from 7 to 19 
days as tissue was resorbed, but returned to normal 
values by 106 days postinfarction, presumably re- 
flecting compensatory hypertrophy of the residual 
myocardium.°* 

Left ventricular dilation occurred in all infarct- 
size groups and was related to both the size and 
duration of infarction (Figure 2). To define more 
fully the changes that occurred both over time and 
between groups at each time, volumes were ana- 
lyzed at both low (2.5 mm Hg) and high (20 mm 
Hg) filling pressures. In the early postinfarction 
phase, changes in volume occurred in all infarct- 
size groups, but at different filling pressures (Fig- 
ure 3A,B). Left ventricular cavitary volume at 2.5 
mm Hg represents the size of the minimally de- 
formed chamber, since filling is associated with 
distension of the scar from the collapsed state with 
minimal stretching of the myocardium. Changes in 
volume at this low filling pressure during the early 
postinfarction phase are primarily the result of the 
regional remodeling of the wall of the infarcted 
area due to infarct expansion.””® These filling 
volumes at 2.5 mm Hg did not change in rats with | 
small infarcts but were significantly increased in 
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rats with moderate and large infarcts compared 
with controls (Figure 3A). Indeed, as early as 6 
hours postligation, these volumes were already 
increased by 50% in large infarcts and by 1 day 
were increased to the same extent as well in 
moderate infarcts. These larger volumes in the very 
early postinfarction phase are associated with a 
mechanical disadvantage to the ventricle because 
their presence is due to the repetitive bulging of 
the infarcted region during systole. 

The cavitary volumes at high (20 mm Hg) 
distending pressures reflect changes that occur in 
both the infarcted region and the residual myocar- 
dium. Whereas the volumes at 2.5 mm Hg were 
unchanged in small infarcts and increased in mod- 
erate and large infarcts, the volumes at 20 mm Hg 
(Figure 3B) were decreased in small infarcts and 
unchanged in moderate and large infarcts, re- 
flecting a relative leftward shift of these curves at 
higher pressures. These seemingly contradictory 
phenomena may be explained by the presence of 
hypoxic, hyperconttacted sarcomeres in the in- 
farcted and peri-infarcted regions" and by the 
restraining influence of a stiff aneurysm on the 
deformation of adjacent fibers,” effects that domi- 
nate at higher filling pressures and that permit 
volumes at 20 mm Hg to be reduced in small 
infarcts and unchanged in moderate to large in- 
farcts in which these restraining influences offset 
the already increased basic size of the left ventricu- 
lar chamber. 

The aforementioned changes in cavitary volume 
and the pathologic changes in both the necrotic 
region and the residual normal myocardium influ- 
ence the compliance characteristics of the left 
ventricular chamber. We determined the slope, k, 
of the log pressure versus volume per kilogram 
relation to provide an index of chamber stiffness, a 
measure of the resistance of the left ventricle to 
filling. Although chamber stiffness was increased 


FIGURE 1. The ratio of left ventricular 
welght to body welght during the earty 
and late postinfarction phases. The 
shaded area represents the mean value 
+ 2 average standard error of the mean 
for this ratio in rats without infarcts, 
small infarcts (A--—A), moderate in- 
farcts (O----©), and large Infarcts 
(@—@). *p <0.05, Infarct group com- 
pared with time-matched group without 
infarcts. 





for all infarct-size groups in the early postinfarc- 
tion phase (Figure 3C) compared with the late 
phase (Figure 4C), k was not different compared to 
controls. The volume changes that occurred in the 
early postinfarction phase were associated with 
changes of similar magnitude in mass, so that the 
volume-to-mass ratio also remained unchanged 
(Figure 3D). 

Changes in left ventricular volumes, chamber 
stiffness, and the volume-to-mass ratio were quite 
striking in the late postinfarction phase. The cavi- 
tary volumes at 2.5 mm Hg increased from 2 to 7 
days postligation in all infarct groups according to 
size, but did not change further thereafter in small 
infarcts, yet continued to increase with time in 
moderate and large infarcts (Figure 4A). As scar 
began to form during this 2- to 7-day period, 
cavitary volumes at high (20 mm Hg) distending 
pressures also increased in all infarct groups in 
relation to size, becoming 15, 26, and 47% greater 
than controls for small, moderate, and large in- 
farcts, respectively (Figure 4B). In contrast to the 
increased volumes due to infarct expansion during 
the early postinfarction phase, these volumes, the 
result of the remodeling of the residual myocar- 
dium, provide a mechanical advantage to the in- 
farcted heart by permitting it to deliver its stroke 
volume with a decrease in the required extent of 
circumferential fiber shortening. Throughout the 
later (7 to 106 days) postinfarction phase, cavitary 
volumes at 20 mm Hg did not change in rats with 
small infarcts, but continued to increase in rats 
with moderate and large infarcts, becoming 79% 
and 110% greater than controls, respectively. When 
the operating volumes (cavitary volumes at in vivo 
filling pressures) of the various infarct-size groups 
were compared to controls at 106 days,’ even more 
marked differences in volume were shown: vol- 
umes were more than twice normal in moderate 
infarcts and more than 4 times normal in large 
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FIGURE 2. The eft ventricular pressure-volume relations 
of rats with small (A), moderate (B) and large (C) infarcts 
during the early and late postinfarction phases. The 
shaded area represents the mean value + 2 average stan- 
dard error of the mean for volume at each level of pres- 
sure In rats without infarcts. The time in days postinfarce- 
tion appears a>ove each curve. (Reprinted with 
permission from Am J Physiol.*) 


infarcts. This degree of dilatation, however, may be 
mechanically disadvantageous to the infarcted left 
ventricle if its shortening load is sustained or 
increased throughout ejection as chamber volume 
is reduced relatively little while ventricular pres- 
sure is increasing.” 

These striking changes in cavitary volume that 
took place during scar formation and beyond had a 
major influence on the compliance characteristics 
of the left ventricle. As ventricular dilation oc- 
curred, chamber stiffness began to decrease (Fig- 
ure 4C), becoming significantly less than controls 
by 19 days in rats with large infarcts and by 106 days 
in rats with moderate infarcts. The manner by 
which chamber stiffness can be reduced in a left 
ventricle with a large nondistensible scar may be 
explained by the relationship between chamber 
and myocardial stiffnesses derived by Mirsky et al’® 
in which chamber stiffness is directly proportional 
to myocardial stiffness and inversely proportional 
to cavitary volume and the cavitary volume to wall 
volume ratio: P/V = 4/9 - (E/V)/(1 + VIV. 
From 2 to 19 days postinfarction, there was a 
marked increase in the volume-to-mass ratio (Fig- 
ure 4D) to which chamber stiffness is inversely 
related. During this time left ventricular cavitary 
volume increased (Figure 4A,B) while mass de- 
creased (Figure 1) in moderate and large infarcts, 
permitting chamber stiffness to be reduced. De- 
spite a return cf mass toward norma! values by 106 
days, the increase in volume was out of proportion 
to mass so that their ratio increased and chamber 
stiffness declined even further. 

Alterations in the volume-to-mass ratio at a 
common distension pressure reflect, as well, rela- 
tive changes in end-diastolic wall stress. At both 
low (2.5 mm Hg, not shown) and high (20 mm Hg, 
Figure 4D) distending pressures, this ratio was 
increased by 7 and 19 days postligation in all 
infarct-size groups as cavitary volume increased 
and mass decreased. Both cavitary volume and 
mass increased thereafter (to 106 days) so that this 
ratio now was normal in small infarcts, but volume 
increased disproportionately to mass in moderate 
and large infarcts and sustained the elevation of 
this index of diastolic wall stress, suggesting that 
the stimulus to further volume enlargement was 
still present. 

Angiotensin-converting enzyme inhibition and 
ventricular volumes: To determine whether ACE 
inhibition could alter favorably the relation be- 
tween infarct size and ventricular performance and 
remodeling, we initiated therapy with captopril 
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FIGURE 3. Left ventricular volume-related variables during the early postinfarction phase. Left ventricular dlastolic vol- 
umes at low (2.5 mm Hg; A) and high (20 mm Hg; B) filing pressures; chamber stiffness constant (k; C); and the ratio of 
volume at 20 mm Hg to mass (D). The shaded area represents the mean value + 2 average standard error of the mean 
for each variable in rats without infarcts, small infarcts (^\—~—^), moderate infarcts (O----O), and large Infarcts (@—@). 
*p <0.05, tp <0.01, infarct group compared with time-matched group without Infarcts. (Adapted from data in Am J 


Physiol.*) 
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FIGURE 4. Left ventricular volume-reiated variables during the late postinfarction phase. Left ventricular diastolic vol- 

umes at low (2.5 mm Hg; A) and high (20 mm Hg; B) filling pressures; chamber stiffness constant (k; C); and the ratio of 

volume at 20 mm Hg to mass (D). The shaded area represents the mean value + 2 average standard error of the mean 
for each variable in rats without Infarcts, small infarcts (A——A), moderate Infarcts (O----O), and large infarcts (®@—@). 
*p <0.05, tp <0.01, infarct group compared with time-matched group without infarcts. (Adapted from data in Am J 


Physiol.*) 
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during both the early (2 days) and late (21 days) 
postinfarctton phases and continued it for 3 months. 
In untreated rats at 106 days postinfarction, left 
ventricular end-diastolic pressure increased pro- 
gressively kom 5 to 28 mm Hg in a nonlinear 
fashion in -2lation to infarct size. Three months of 
treatment with captopril maintained filling pres- 
sures withir normal limits in all infarct-size groups, 
except for -hose with extensive infarcts in which, 
nonetheles:, end-diastolic pressure was reduced 
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FIGURE 5. The pressure-volume (per kg) relation of un- 
treated (©) ami captopril-treated (X) rats with moderate 
(upper panel). large (middie panel), and extensive (lower 
panel) infarc. The shaded area In each panel represents 
the volumes — 2 standard deviations of the noninfarcted 
controls. The sertical arrows In each panel indicate the 
baseline opesating volumes (per kg) of the treated and 
untreated ratz for each tnfarct-size group. *p <0.05, un- 
treated versu treated rats at comparable Infarct size for 
=a opescting volume Index. (Modifled from Circ 
Res. 


from 28 to 15 mm Hg.’ Examination of the effect of 
this ACE inhibitor on the passive pressure-volume 
relations, comparing all treated rats to all un- 
treated rats using a random effects model, revealed 
a significant overall effect of treatment in reducing 
ventricular volume for any given pressure. The 
distribution of that benefit of therapy on the 
pressure—volume relation according to infarct size 
is shown in Figure 5. For all of the mfarct-size 
groups, captopril produced a leftward shift of the 
pressure-volume curve. This effect was significant 
and most dominant in the moderate infarcts (up- 
per panel) and, although still present in large 
(middie panel) and extensive (lower panel) in- 
farcts, was not significant, the difference between 
the volumes of the treated and untreated rats 
becoming less with increasing infarct size. When 
these 2 beneficial effects of the ACE inhibitor (a 
lowering of filling pressure and an attenuation of 
ventricular dilation) were taken into account, the 
operating volumes obtained were reduced from 1.9 
to 1.4 ml/kg in moderate infarcts (upper panel), 
from 2.2 to 1.6 ml/kg in large infarcts (middle 
panel), and from 3.1 to 2.6 ml/kg in extensive 
infarcts (lower panel). Acting in concert, these 
preload and afterload reducing properties (de- 
creases in ventricular volume and pressure) of 
captopril temper the mechanical disadvantage that 
excessive dilation confers on the infarcted left 
ventricle in that the systolic force required to eject 
blood is decreased and the extent of circumferen- 
tial fiber shortening is increased, permitting for- 
ward output to be maintained despite the lesser 
cavitary volume.’ Indeed, the ejection fraction 
index of captopril-treated rats was greater than 
that of untreated rats with moderate infarcts (52% 
vs 41%) and large infarcts (42% vs 28%).’ 

Angiotensin-converting enzyme inhibition and 
survival: Ventricular dysfunction and dilation, irre- 
spective of etiology, portends a poor prognosis.” 
To examine the effects of infarct size, and, thereby, 
various degrees of left ventricular dysfunction and 
dilation on survival, rats were followed until death 
or for up to 1 vear postinfarction. As anticipated, 
survival was inversely related to infarct size: the 
median survival was greater than 365 days for 
noninfarcted controls, 360 days for small infarcts, 
228 days for moderate infarcts, and 146 days for 
large infarcts (Figure 6). 

To determine whether the salutary benefits of 
ACE inhibition on left ventricular hemodynamics 
and volumes have a positive impact on survival, rats 
treated with captopril were also followed until 
death or for up to 1 year postligation.’ For rats 
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without infarcts, survival was similar between the 
treated and untreated groups. However, when all 
rats with infarcts were compared for a treatment 
- effect, captopril significantly reduced mortality rate: 
the median survival for the untreated rats was 197 
days, whereas that for the captopril-treated rats 
was 260 days (Figure 6). The most pronounced 
benefit on survival was observed in rats with 
moderate infarcts: the median survival for un- 
treated rats was 228 days, whereas that for treated 
rats was greater than 365 days. At 1 year the 
survival rate in this group of rats with moderate 
infarcts treated with the ACE inhibitor was more 
than twice that of the untreated group, 49% vs 
21%. Of note is our prior finding that the most 
beneficial effects of therapy on ventricular hemody- 
namics and remodeling were observed in rats with 
moderate infarcts.’ In rats with large infarcts the 
median survival without treatment was 184 days, 
whereas that with treatment was 205 days, a 
difference that was not significant. 


DISCUSSION 

The structural remodeling of the left ventricle 
following a discrete loss of myocardium due to 
infarction is a dynamic time-dependent process 
throughout which changes occur in both the region 
of necrosis and the residual normal myocardium 
(Figure 7). The multiple processes of reparation 
(tissue resorption and scar formation), adaptation 
(volume enlargement), and restoration (myocyte 
hypertrophy) contribute interdependently to the 
reconstruction of the infarcted left ventricle, yet 
each is dominant at a different phase of the 
remodeling. During the very early (within 2 days) 
. postinfarction phase of necrosis, edema, and vascu- 
lar congestion, the left ventricle with a moderate-to- 
large infarct dilates as a consequence of infarct 
expansion (a volume increase at low filling pres- 


FIGURE 6. The median survival In days 
for untreated (H,O, solld bar) and capto- 
pril-treated (CAP, stippled bar) rats fol- 
lowed until death or for a perlod up to 1 
year postinfarction. Median survivals 
greater than 365 days were termed un- 
defined. p <0.01, p < 0.02, treated ver- 
sus untreated rats within each Infarct 
classification. 


H20 CAP 
ALL INFARCTS 





sures) and the free wall thins due to myocyte 
slippage. Ventricular dilation during this early 
phase provides no mechanical advantage to the 
compromised ventricle because its presence is due 
to the repetitive mechanical deformation of the 
noncontracting region of necrosis during systole. 
From 2 to 7 days postinfarction, the reparative 
process of scar formation begins as necrotic tissue 
is absorbed and a collagen network is laid down. 
The infarcted wall continues to thin and elongate 
and begins to stiffen, but now changes in the 
residual myocardium also take place, contributing 
as well to further ventricular enlargement. The 
restorative process of myocyte hypertrophy (an 
increase in cell diameter and length) takes place in 
the noninfarcted wall, permitting dilation (in this 
instance an adaptive process) to provide the com- 
promised ventricle with a mechanical advantage by 
restoring stroke volume with a decrease in the 
required extent of circumferential fiber shortening. 
From 7 to 19 days postinfarction, a discrete thin 
scar 1s formed and the ventricle enlarges further as 
changes in the residual myocardium continue. 
After the healing process is complete, ventricular 
dilation may proceed unabated despite continued 
hypertrophy of the residual myocardium. The stress 
that cavitary dilation (an increased radius) places 
on an inadequately hypertrophied wall of residual 
myocardium may provide an unrelenting stimulus 
to further ventricular dilation, which may now 
place the infarcted ventricle at a mechanical disad- 
vantage. A substantially enlarged (2- or 3-fold) 
ventricle may sustain, or even increase, its shorten- 
ing load throughout ejection because chamber 
volume is reduced relatively little while ventricular 
pressure is increasing. 

Administration of the ACE inhibitor, captopril, 
during the early postinfarction phase (2 days, a 
time by which infarct expansion has already oc- 
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FIGURE 7. Sc[aema of volume changes occurring in the left ventricle (LV) during the early and late postinfarction phases. 
In the norme! left ventricle the lengths ba and be represent the distance (minor radlus) from the midpoint of the left ven- 
tricle to the septum and free wall, respectively; the length bd represents the distance (major radlus) from the midpoint 
to the apex. these distances are presented In the Infarcted left ventricles as a frame of reference. The directional ar- 
rows attached to the normal radil illustrate the extent of and the regions Involved In volume changes during the various 
postinfarctie; phases, but are not drawn to scale. The shaded area represents an Infarction comprising 50% of the sur- 
face area of the left ventricle. The graph in the lower portion of the figure depicts the net Increase In absolute volume 
per kilogram for ventricles with large-sized Infarcts compared with ventricles without infarcts. MI = myocardial Infarct. 


curred) or late postinfarction phase (21 days, a 
time by which scar formation is complete and 
ventricular dilation due to changes in the residual 
myocardiu 2 has already occurred) interrupted the 
development of severe left ventricular dysfunction 
and dilatica. Treatment with captopril acted in 2 
ways to recuce ventricular volumes: by less ventric- 
ular distension, i.e., a downward displacement on 
the pressure-volume relation as the result of a 
lowering o7 filling pressure, and by less ventricular 
dilation, i.c. an attenuation of the time-dependent 
rightward shift of the pressure-volume relation. 
This reduc:.on in distending pressure and preven- 
tion of the deleterious remodeling (excessive dilata- 
tion) of the infarcted left ventricle by ACE inhibi- 
tion abbreviated the mechanical disadvantage 
conferred by severe ventricular enlargement, that 
is, the load on the heart was no longer sustained or 
elevated, b-t was reduced throughout ejection. 
These laudatory effects of ACE inhibition on 
ventricular xemodynamics and remodeling in rats 


with experimental myocardial infarction were trans- 
lated into a prolongation of survival. Captopril 
reduced the mortality rate of all rats with infarcts, 
but did so most effectively in moderate infarcts, 
those in which ventricular performance was pre- 
served and ventricular dilatation was attenuated. 
Currently, several clinical trials are underway to 
determine whether the same salutary benefits of 
ACE inhibition that have been demonstrated exper- 
imentally will be observed in man. 
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Effects of Captopril on Contractility After 





Myocardial Infarction: Experimental 


Observations 
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and Steven Goldman, MD 


After large myocardial infarction, compromised 
left ventricalar (LV) function and changes in the 
peripheral circulation result in the syndrome of 
chronic comestive heart failure. Although treat- 
ment with angiotensin-converting enzyme inhibi- 
tors improw2 cardiovascular function, it is difficult 
to determine whether this benefit is due to 
changes in organ versus muscle function. The rat 
model of heart failure, created by ligating the left 
coronary añery, results in pathophysiology that 
is similar tethat seen in patients, i.e., increased 
LV end-diascolic pressure and volume, hypertro- 
phy of the moninfarcted myocardium, prolonga- 
tion of the ime constant of LV relaxation, de- 
creased venous compliance, and increased total 
blood volurre. In noninfarcted papillary muscles, 
isolated fro n rats with heart failure, maximal de- 
veloped teæsion and peak rate of tension rise 

(+ dT/dt) are decreased, time to peak tension is 
prolonged, and myocardial stiffness is increased. 
Morphologie changes include an increase in pap- 
illary muscle myocyte cross-sectional area and 
an increase-in myocardial hydroxyproline con- 
tent. Captapril (2 g/liter drinking water) alters LV 
loading by decreasing arterial pressure, increas- 
ing venous tompliance, and decreasing blood 
volume. The results in a decrease in LV end-dias- 
tolic pressure and volume. In the noninfarcted 
myocardiurr , time to peak tension is shortened, 
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whereas developed tension, + dT7/dt, and muscle 
stiffness remain abnormal. Captopril decreases 
myocyte cross-sectional area, but collagen con- 
tent remains elevated. Thus, in the rat infarct 
model of heart failure, treatment with captopril 
alters LV remodeling and hypertrophy but pro- 
duces only modest improvement in muscle func- 
tion. In this model, after treatment for 3 weeks, it 
appears that the major benefit from angiotensin- 
converting enzyme inhibition is due to improve- 
ments in organ function resulting from changes in 
loading conditions, whereas muscle function re- 
mains compromised. 

(Am J Cardiol 1991;68:26D—34D) 


arge myocardial infarction frequently pro- 

| duces progressive left ventricular (LV) dila- 
tion and hypertrophy of myocytes in the 
noninfarcted myocardium. These changes in LV 
geometry, referred to as LV remodeling, may 
contribute to development of the syndrome of 
chronic congestive heart failure. Laboratory and 
clinical studies have shown that treatment of heart 
failure with angiotensin-converting enzyme (ACE) 
inhibitors, such as captopril, can improve LV 
function and survival.’’ Although it is commonly 
believed that the beneficial effects of captopril are 
due to improvement in ventricular loading condi- 
tions, this explanation may be too simplistic. We 
hypothesized that following large myocardial infarc- 
tion, functional impairment of noninfarcted myo- 
cardium would occur due to the increased load 
borne by the residual myocytes. Unloading these 
myocytes might be expected to result in a gradual 
improvement in their function. Because of the 
complex effects of simultaneous changes in myocar- 
dial function, ventricular geometry, and ventricular— 
vascular coupling on global LV function, it is 
difficult to assess the relative importance of changes 
in each area. This report focuses on our efforts to 
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separate alterations in muscle function from those 
in organ function and how captopril affects each of 
these in rats with heart failure. 

It is difficult to evaluate intrinsic myocardial 
function following myocardial infarction by measur- 
ing global ventricular function because these in- 
dexes of function represent the net change in the 
residual noninfarcted myocardium and in the scar. 
For example, it is important to define changes in 
wall stress to understand alterations in both sys- 
tolic and diastolic function. Traditional methods of 
measuring myocardial wall stress in vivo rely on 
mathematical models that assume that the ventri- 
cle has symmetrical shape, uniform wall thickness, 
homogeneous myocardial elasticity, and a con- 
stancy of forces from epicardium to endocardium.” 
These assumptions cannot be applied to the in- 
farcted heart. Therefore, to investigate this prob- 
lem in the research laboratory, we chose to per- 
form studies using isolated myocardial tissue as 
well as intact rats to evaluate adequately the effects 
of ACE inhibition on ventricular loading condi- 
tions and myocardial mechanics. 

Our unifying hypothesis in these studies was 
that activation of systemic or tissue renin—angioten- 
sin systems may play a key role in the sequence of 
events leading to heart failure. Because of direct 
myocardial effects of angiotensin II, such as tro- 
phism and inotropism, in addition to its effects on 
the peripheral circulation, we reasoned that block- 
ing the production of angiotensin II might inter- 
rupt or slow the process of LV remodeling and the 
development of heart failure after myocardial in- 
farction. We hypothesized that the effectiveness of 
captopril in improving organ function is dependent 
= on its ability to cause both arterial and venous 
dilation. We also hypothesized that myocardial 
infarction would result in depressed contractility 
and increased muscle stiffness in the noninfarcted 
myocardium. We speculated that treatment with 
captopril would partially reverse these abnormali- 
ties, since these parameters were, at least in part, 
load dependent. 


METHODS 

All studies described in this article conformed 
to the animal care guidelines of the American 
Physiological Society. Myocardial infarction was 
produced in male Sprague-Dawley rats (Harlan, 
Indianapolis, IN) weighing 220-260 g, by ligation 
of the proximal left coronary artery." Rats were 
screened for evidence of large myocardial infarc- 
- tion 21 days after surgery using surface electrocar- 


diographic (ECG) recording. Previous studies have 
shown that most rats identified in this manner have 
infarction of greater than 40% of the left ventricle, 
elevated LV end-diastolic pressure and volume, 
and impaired systolic function.*?*" 

Rats with large infarctions and sham-operated 
rats were randomly assigned to no treatment or 
treatment with captopril (2 g/liter; ER Squibb, 
Princeton, NJ). Treatment with captopril was 
started 21 days after surgery and was continued for 
21 days. This time course was chosen because 
histologic healing of the infarct region is complete 
at 21 days. 

To obtain pressure measurements, the rats were 
anesthetized with methoxyflurane, and a microma- 
nometer-tipped catheter (Millar Instruments, Hous- 
ton, TX) was inserted into the right carotid artery. 
The catheter was advanced into the aorta and then 
into the left ventricle for recording of pressures. 
With the rat lightly anesthetized and breathing 
spontaneously, recordings were made on a physio- 
logic recorder (model 2400, Gould Instrument Co., 
Cleveland, OH). This catheter was then exchanged 
for a polyethylene catheter. 

Using techniques previously described, mean 
circulatory filling pressure, venous compliance, and 
blood volume were measured.” In brief, transient 
circulatory arrest was produced by inflation of a 
balloon in the right atrium. Mean circulatory filling 
pressure was calculated from the venous and arte- 
rial plateau pressures. This procedure was re- 
peated after +10% changes in blood volume. 
Venous compliance was calculated from the slope 
of the total vascular pressure-volume relation. 

Pressure-volume data from the isolated left 
ventricle were recorded using methods previously 
described.” These measurements were made in 
the excised left ventricle with a timed infusion of 
normal saline. 

isometric muscle function: Rats were killed by 
decapitation, the heart rapidly excised, and the 
noninfarcted posterior papillary muscle was dis- 
sected free. The muscle was suspended vertically 
from an isometric force transducer (Metrigram 
Mtm, Gould Instrument Co.) and isometric func- 
tion and passive myocardial stiffness were mea- 
sured.” 

Histologic studies: After the papillary muscle 
was removed, the heart was separated into right 
ventricle and left ventricle plus septum, weighed, 
and immersion-fixed in 10% buffered formalin. 
Thin sections of the ventricle were stained with 
Masson’s trichrome and infarct size was measured 
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by tracing the outline of the infarcted and nonin- 
farcted regions of the ventricle at 4 different levels. 
Infarct size is reported as the mean percent of 
epicardial and endocardial circumference occu- ~ 
pied by scar tissue for the 4 sections. 

Papillary muscles were processed as noted above 
and cross-sectional slices were made at 3 different 
levels. Cross-sectional areas of approximately 100 
myocytes were measured for each papillary mus- 
cle. The operator was blinded to the experimental 
group during the analysis. 

Myocardial hydroxyproline content was mea- 
sured using previously described methods.” Briefly, 
the scar was removed from the left ventricle and 
the tissue was frozen. At a later time, the tissue was 
dried, weighed, and hydrolyzed in 6 N HC) at 
105°C. Hydroxyproline content of the samples was 
determined using spectrophotometry at 557 nm. 

Statistical analysis: Values are reported as 
mean + standard error of the mean. Muscle 4 
stiffness constants, regression coefficients, and val- 
ues for venous compliance were determined by 
linear regression using the method of least squares. 
Isometric parameters are means of 3-5 twitches 
and muscle stiffness values are the mean of at least 
3 stretches for each muscle. Differences between 
groups were detected with 1-way analysis of vari- 
ance and intergroup comparisons were performed 
using the Student-Newman-Keuls test or Dun- 
nett’s test for multiple comparisons against a single 
control. 


RESULTS 

Hemodynamic studies: The baseline chamber 
weights, heart weights and hemodynamics are 
shown in Figure 1. The rats with heart failure after 
myocardial infarction had increased right ventricu- ` 
jar (RV) weights, increased RV/body weight, but 
no change in LV weight/body weight. In the 
captopril-treated rats body weight was unchanged 
while LV weight, RV weight, and RV/body weight 
were all decreased compared with untreated rats 
with large infarctions. 

The hemodynamic changes are shown in Figure 
2. In the rats with heart failure there was no change 
in heart rate, a decrease in mean aortic pressure 
and an increase in LV end-diastolic and right atrial 
pressures. Hematocrit was unchanged, mean circu- 


FIGURE 1. Changes in body weight (BW) (A), right ventricu- 
lar (RV) weight (B), left ventricular (LV) weight (C) and left 
ventricular welght/body weight (D). Values are mean + 


INFARCT standard error of the mean. *p < 0.05, control versus in- 
CONTROL INFARCT + farct (n = 11); #p <0.05 infarct versus infarct-captopril 
CAPTO (CAPTO) {n = 9). Note that comparisons were not made R 





between control versus infarct-captopril. 
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latory filling pressure and blood volume were 
increased, and venous compliance was decreased 
in the rats with heart failure compared to control 
(Figure 3). Treatment of rats with heart failure 
with captopril did not change heart rate, further an oo 
decreased mean aortic pressure and LV end- 
diastolic pressure (Figure 2). In the captopril- 
treated rats with large infarctions, hematocrit was 
unchanged, mean circulatory filling pressure and 
blood volume decreased, and venous compliance 
increased. The end result of these hemodynamic 
changes was that in the rats with heart failure, the 
passive LV pressure-volume relation was shifted 

away from the pressure axis, indicating LV dila- | B, 
tion. Captopril treatment in the infarct rats did not 

shift the pressure-volume curve but did decrease 


operating LV end-diastolic pressure and volume.* = 
Papillary muscle studies: [n 11 rats with large P 

infarctions and heart failure, there were no changes 

in papillary muscle weight (7.4 + 0.6 mg vs 6.9 + 0.7 g 
mg) or muscle cross-sectional area (1.2 + 0.1 mm? 

vs 1.0 + 0.1 mm’), but there was a decrease s 

(p <0.05) in the length associated with maximum 

developed tension (5.6 + 0.4 mm vs 7.1 + 0.4 mm). 

Myocyte cross-sectional area was increased (Fig- r 


ure 4) and collagen content, defined by changes in 
hydroxproline levels in the noninfarcted myocar- | C. 
dium, was increased (8.5 + 0.9 ug/mg dry weight 
vs 3.3 + 0.3 ug/mg dry weight; p <0.05). There 


were also decreases in developed tension and peak i i 
rate of tension increase, a prolongation of time to 
peak tension, and an increase in muscle stiffness ‘A 
(Figure 4). With captopril treatment in 9 rats with 
large infarctions, the morphologic changes re- # 
turned to baseline, i.e., myocyte cross-sectional iğ 
area (567 + 41 um’) was not different than control 
rats. Hydroxyproline content remained increased 
(7.2 + 0.2 wg/mg dry weight, n = 3). With capto- R 
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pril treatment, developed tension, the peak rate of 

tension development, and the muscle stiffness |D- 
constant remained abnormal. The only mechanical 

benefit that resulted from captopril treatment was 5 
a shortening of the prolongation of the time to 

peak tension (Figure 4). 4 


DISCUSSION 
After coronary artery ligation that results in 
large infarction, rats develop chronic congestive 


RAP (mmHg) 


FIGURE 2. A. changes In heart rate; B, mean aortic pres- 1 

sure (MAP), C, left ventricular end-diastolic pressure 

(LVEDP) and D, right atrial pressure (RAP). Values are 0 

mean + standard error of the mean. *p <0.05, control ver- 

sus infarct (n = 9); #p <0.05 Infarct versus Infarct-capto- CONTROL INFARCT INFARCT 

- prii (CAPTO) (n = 8). Note that comparisons were not made CAPTO 
between control versus infarct-captopril. — 
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heart failure. These rats show hemodynamic 
A changes similar to those seen in humans with 
ischemic LV dysfunction, making this a useful 
model to study the pathophysiology of heart failure 
; i after myocardial infarction. When examined at the 
organ level, there is compromised LV function 
with alterations in systolic and diastolic function. 
The important changes that we found in our 
25 studies were increased LV end-diastolic pressure 
and volume, a prolongation of LV relaxation, and 
decreases in ejection fraction and stressed cardiac 
output.*>" The peripheral circulatory changes that 
accompany these cardiac abnormalities are de- 
creases in venous compliance and increases in total 
B. blood volume.” At the muscle level, the nonin- 
farcted myocardium hypertrophies and, in the 
15 process, collagen content and passive stiffness are 
increased, the ability to develop tension is de- 

12 creased, and time to peak tension is prolonged. 
# Treatment of heart failure with captopril is 
9 thought to be primarily directed at the peripheral 
circulation. Captopril dilates both the arterial and 
venous circulations. In addition, at least in the rat 
model, captopril treatment decreases blood vol- 
ume. This results in a decrease in LV end-diastolic 
0- i—i | pressure and volume. Despite the benefit on hemo- 
dynamics, this improvement in loading conditions 
results in only a modest improvement in muscle 
function, i.e., there are no changes in developed 
tension or passive stiffness. Time to peak tension is 
the only parameter of isometric function that was 

improved during captopril treatment. 

In ischemic LV dysfunction, failure of the heart 
at the organ level may be due to marked increases 
in afterload, loss of contractile units, or dysfunc- 
tion of individual contractile units. The loss of 
functioning myocardium is an irreversible process; 
however, abnormalities of ventricular loading con- 
ditions and dysfunction of surviving myocardium 
may potentially be prevented or improved by appro- 
4 priate treatment. The results of our study illustrate 

the necessity to distinguish between abnormalities 

# of ventricular loading conditions and impaired 
myocardial function when examining therapies for 

. heart failure. These investigations can only be 
carried out in animal models like the rat where 

structure and function studies can be done at both 
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FIGURE 3. Changes In hematocrit (A), mean circulatory 
0 filling pressure (B), blood volume (C) and venous compli- 
INFARCT ance (D). Values are mean + standard error of the mean. 
+ *p <0.05, control versus Infarct {n = 11); #p <0.05 in- 
CAPTO farct versus Infarct-captopril (CAPTO) (n = 9). Note that 
comparisons were not made between control versus in- 
farct-captopril. 
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the organ and muscle level. Our original hypothesis 
was that ventricular unloading with captopril would 
improve organ function and this, in turn, would 
result in improved muscle function. We were 
somewhat surprised with our results. 

Structural changes: An important structural 
change that occurred in the heart as a result of 
captopril treatment in rats with large infarctions 
was that RV weight returned toward normal. LV 
weight also decreased with captopril. An increase 
in RV weight is a consistent finding in this model of 
heart failure.”*"* Presumably, this RV hypertrophy 
is a response to the increased afterload, Le., 
passive pulmonary hypertension resulting from 
increases in LV end-diastolic pressure. The de- 
crease in RV weight in captopril-treated heart 
failure rats is most likely due to a decrease in RV 
afterload, which is a consequence of a lower LV 
end-diastolic pressure. After large myocardial in- 
farction in the rat, LV weight does not change 
because the surviving myocardium hypertrophies 
enough to make up for the myocardium that was 
replaced by scar tissue. Captopril lowers LV weight 
in both infarct and normal rats. This effect could be 
attributed to the lowering of arterial pressure 
and/or to a loss of the tropic effects of angiotensin 
II. Changes in myocyte cross-sectional area paral- 
lel those of chamber weight during captopril treat- 
ment in control and infarct rats. 

The development of myocyte hypertrophy in the 
noninfarcted myocardium may be due to increases 
in both preload and afterload, as well to the trophic 
effects of angiotensin IJ. Previous studies have 
shown that myocyte length and diameter are in- 
creased in noninfarcted myocardium.'”” This pat- 
tern of morphologic change is consistent with a 
combination of increased diastolic and systolic wall 
stress. Our data show that captopril caused a 
reduction in myocyte cross-sectional area, proba- 
bly because of its afterload-reducing effects. Al- 
though we did not measure myocyte length, this 
may have also decreased due to the preload reduc- 
tion seen with captopril. 

The changes in collagen content are interesting. 
It has been postulated that alterations in collagen 
content and type are responsible for some of the 


FIGURE 4. Changes in developed tension (A), the first de- 
rivative of developed tension (DT) with respect to time (B), 
the time to peak tension (C) and the muscle stiffness con- 
stant (D). Values are mean + standard error of the mean. 
dT/dt = peak rate of tension increase (¢/mm*/s); K,, = 
muscle stiffness constant; TPT = time to peak tension 
(ms); *p <0.05, control versus Infarct; #p <0.05 Infarct 
versus infarct-captoprii (CAPTO). Note that comparisons 
were not made between control versus Infarct-captopril. 
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functional caanges that occur in the hypertrophied 
myocardium, particularly with respect to the pas- 
sive-elastic properties of the tissue.” Since angio- 
tensin II is a trophic hormone, it is possible that 
increased levels of angiotensin II could result in 
increased fbroblast growth and proliferation. Re- 
cent studies have suggested that only myocardial 
hypertroph; that is accompanied by activation of 
the renin-angiotensin system shows increased inter- 
stitial fibrosis.” One problem with both of these 
potential explanations is that, in our study, capto- 
pril changed loading conditions and presumably 
decreased =ngiotensin II levels but this did not 
result in decreases in fibrosis, at least as measured 
by hydroxypzoline content. 

Functional changes: The functional studies in 
the papillary muscles showed that there was a 
decrease ir contractility. We anticipated that the 
combinatior of pressure and volume overload that 
occurs in th.s model would result in compromised 
muscle funcion. In the only other report of changes 
in papillary muscle function after coronary artery 
ligation in ~ats, Bing et al” reported findings that 
were similer to ours, i.e., prolonged time to peak 
force deve >pment at 3 weeks after infarction. 
However, they found no difference in developed 
force or peak rate of force development. Their 
results, in <Onjunction with the 6-week data pre- 
sented here. suggest that heart failure after infarc- 
tion presemts as a continuum of compromised 
muscle funccion with maintenance of muscle func- 
tion initial but deterioration over time. In this 
context, it is important that we consider the possi- 
bility that tze beneficial response to captopril may 
also be time dependent, and Jonger term treatment 
could resul: in more improvement in muscle func- 
tion. 

One possible explanation for the changes in 
muscle funczion summarized above is an alteration 
in myosin soform expression. In the rat the fast 
activity my=sin isoform, V,, predominates. With 
the development of heart failure, the amount of V, 
decreases and the amount of the slower activity 
isoform, V, increases.” Although these changes in 
myosin isof-rm expression may be in part responsi- 
ble for the c1anges in muscle function in our study, 
similar decr2ases in muscle function have occurred 
in other an nal models of hypertrophy and failure 
in which th2 isoform composition is predominantly 
V, althouga this down-regulation occurs much 
later in the development of disease.* In addition, 
heart failure develops in patients after large myo- 
cardial infarctions and the human ventricle is 
essentially all V, Thus, the change in myosin 


isoform expression is not the entire explanation. 
Interestingly, there is one report showing that 
captopril causes a modest increase in the V, 
isoform in the rat infarct model of heart failure.” 
This shift to the myosin isoform with the faster 
activity could explain the improvement of the 
prolonged time to peak tension that was seen with 
captopril treatment in the rats with heart failure. 

Although any alteration in inotropic state is 
ultimately biochemically mediated, the changes in 
contractile function that occur at the muscle level 
in this mode] may represent the biochemical re- 
sponses to increases in load. After myocardial 
infarction, there is a decrease in stroke volume that 
results in peripheral vasoconstriction and compen- 
satory LV dilation with increases in preload and 
afterload. These effects are additive and increase 
myocardial stress, which is an important stimulus 
of myocardial hypertrophy. Mann et al” have 
shown that isolated myocytes from pressure- 
overloaded hearts demonstrate mechanical dysfunc- 
tion, indicating myocyte abnormalities that may be 
independent of changes in myocardial blood flow 
or extracellular matrix. It is possible that persistent 
contractile dysfunction at the cellular level is a 
universal, time-dependent response to chronic in- 
creases in load. It is not clear whether in the rat 
infarct model contractile dysfunction could be 
reversed by longer duration of treatment with 
captopril. 

Peripheral circulation: The beneficial effects of 
captopril on the peripheral circulation are impor- 
tant. The combination of arterial and venous dila- 
tion that occur with ACE inhibition may be uniquely 
suited to the treatment of the combined pressure 
and volume overload state that occurs in heart 
failure. For example, previous work from our 
laboratory showed that when rats with heart failure 
were treated with hydralazine, an arterial vasodila- 
tor, arterial pressure decreased to a similar extent 
as in captopril-treated rats, but there were no 
changes in LV end-diastolic pressure or volume. 
We believe that this was because hydralazine had 
no effect on the venous circulation, i.e., venous 
compliance did not change and there was no 
change in blood volume. Thus, in the rat model, it 
appears that specific peripheral circulatory changes 
are necessary to produce ventricular remodeling, 
the most important of which are a decrease in 
afterload coupled with decreases in total blood 
volume and increases in venous compliance. 

Conclusions: The study of the pathophysiology 
of heart failure and its treatment at both the organ 
and muscle level has increased our understanding 
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of the sequence of events that occur when heart 
failure develops. It is possible that adverse ventric- 
ular remodeling is the basis of progressive LV 
dysfunction. In this analysis, heart failure could be 
defined as a mechanical problem. Following large 
myocardial infarction and compensatory dilation, 
the noninfarcted myocardium undergoes hypertro- 
phy as a consequence of increased wall stress. This 
tends to reduce wall stress toward normal. How- 
ever, wall stress remains elevated due to incom- 
plete compensatory hypertrophy. These alterations 
in load at the organ level lead to persistence of 
mechanical dysfunction at the cellular and muscle 
level. Treatment with captopril results in beneficial 
effects in the peripheral circulation where the 
combination of arterial and venous dilation lowers 
preload and afterload. However, although this 
would tend to lower wall stress and thus decrease 
the mechanical forces applied to the cell, myocyte 
and ventricular hypertrophy would be also reduced 
both by the partial removal of the mechanical 
stimulus and the inhibition of the direct trophic 
effects of angiotensin II. The beneficial effect of 
compensatory hypertrophy on wall and myocyte 
stress would thus be blunted. This might explain 
the inability of captopril to restore muscle function 
to normal. Further investigations, which should 
include accurate measurement of regional wall 
stress, will be required to verify some of these 
speculations. 

Lastly, it is important to address the question, 
“Are the beneficial effects of ACE inhibitors due 
solely to reduction of angiotensin II levels?” Sup- 
port for this argument comes from work done in 
our laboratory that showed that administration of a 
new specific nonpeptide angiotensin II-blocking 
agent, DuP 753, resulted in the same hemodynamic 
changes as those produced by captopril in the rat 
infarct model of heart failure.’ It is also important 
to consider the possibility that a combination of 
direct-acting arterial and venous dilating agents 
would have similar effects. Preliminary data from 
the Veterans Administration Cooperative Trial 
(VHEFT II), which is comparing the effects of 
ACE inhibition with a combination of isosorbide 
dinitrate and hydralazine on patients with heart 
failure, suggest that patients treated with ACE 
inhibition had improved survival.’ As further data 
accrue, the mechanisms that may contribute to the 
particular effectiveness of converting enzyme inhib- 
itors in the treatment of heart failure should 
become more clear. 
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Myocardial Infarct Expansion: Recognition, 


Significance and Pathology 


James L. Weiss, mD, Paolo N. Marino, mp, and Edward P. Shapiro, MD 


infarct expansion can be defined pathologically 
as a distortion of ventricular topography pro- 
duced by thinning and disproportionate dilation 
of the infarct segment. Large transmural infarcts 
tend to be associated with greater propensity for 
infarct expansion. Two-dimensionai echocardi- 
ography has made it feasible to detect these 
acute alterations in cardiac topography by serial 
examination of patients with acute myocardial 
infarction. A practical approach to the echocar- 
diographic quantification of expansion involves 
analysis of end-diastolic cross-sectional echo 
views at the paplilary muscle level, which can be 
used as fixed internal landmarks to divide the left 
ventricle Into 2 segments, anterior and posterior. 
An off-line computer system can be used to track 
relative lengths of these segments as woll as 
thelr thicknesses over time. In the inilal clinical 
study, one third of patients with acute anterior 
transmural infarcts showed an average 50% in- 
crease In the Infarct segment length beginning 
within the first 3 days of Infarction, characterized 
by disproportionate progressive dilation and 
transmural thinning of this zone. These patients 
demonstrated a significantly higher mortality 
than those without expansion. Later studies dem- 
onstrated not only continulng dilation of the in- 
farcted anterior wall, but also progressive dha- 
tion of the noninfarcted posterior wall, 
underscoring the Importance of continuing long- 
term noninvasive follow-up. Not only is expansion 
associated with a poor clinical outcome; it has 
aliso been shown experimentally and clinically to 
be modifiable or even preventable by various 
therapeutic maneuvers, which may well Improve 
survival. Because of the Iimitations of the 
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echocardiographic window, it is often possible to 
obtain only a single cross-sectional view of high 
quality, and even then technical quality may not 
be sufficiently high to enable detailed quantita- 
tive analysis. Newer technologies appear to have 
overcome many of these problems. Magnetic res- 
onance imaging (MRI) acquires data in a spatially 
unambiguous fashion so that the 3-dimensional 
relationships of one image plane to another are 
easily ascertained. Moreover, there are fewer 
technical restrictions on the acquisition of high 
quality images. A new MRI method has been de- 
veloped to improve quantification of regional 
ventricular function and topography. Myocardial 
tissue tagging, In essence an electronic MR 
marker applied to the myocardium that persists 
through ejection, enables one to track specific 
regions of myocardium through the cardiac cyclo. 
This approach appears to quantify wall topogra- 
phy and thickness with a higher degree of accu- 
racy than previously possible noninvasively and 
should enable more accurate evaluation of both 
natural history and therapeutic strategies by 
more precisely quantifying ventricular remodel- 
Ing In patients with myocardial Infarction. 

(Am J Cardiol 1991;68:35D--40D) 


yocardial infarct expansion may be de- 

fined pathologically as a distortion of the 

ventricular topography produced by thin- 
ning and disproportionate dilation of the infarcted 
segment, which causes an increase in the propor- 
tion of surface area of the left ventricle occupied by 
necrotic myocardium. This phenomenon, which 
does not result from new myocardial necrosis, 
should be distinguished clearly from infarct exten- 
sion, a process that appears to be the result of 
additional, new injury. Infarct expansion generally 
occurs within the first 24 hours after myocardial 
infarction, and infarct extension generally occurs at 
a later time. Large transmural infarcts, mainly 
anterior, characterize most patients with marked 
infarct expansion. Larger infarcts tend to be associ- 
ated with greater propensity for infarct expansion. 
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In its capacity for repeated noninvasive examina- 
tion, echoce-diography, over the past decade, raised 
the possibilty of serial evaluation of left ventricu- 
lar size and :opography in acute myocardial infarc- 
tion. The mitial impetus for using echocardiog- 
raphy in tis way was provided by pathologic 
studies. Postmortem studies of patients dying within 
30 days of acute transmural myocardial infarction 
had shown -hat up to two thirds of such patients 
had some ~Ainning and dilation of the infarcted 
region within 1 week of infarction,’ and that in 
approximately one third of hearts with transmural 
infarcts these was marked expansion of the in- 
farcted zon=, resulting in obvious cardiac dilation. 
This process occurred with little or no histologic 
evidence ol infarct extension or further necrosis 
after the initial acute event. 

The advent of 2-dimensional echocardiography 
made it feaxble to detect such acute alterations in 
cardiac topography by serial examination of pa- 
tients with acute myocardial infarction and to 
make the =ntemortem diagnosis noninvasively.’ 
Quantitative evaluation of serial echocardiograms 
was accomp ished by a computer-aided system for 
contouring myocardial borders and quantifying 
regional wall thickness and segment lengths.’ This 
type of anak sis could not be achieved by subjective 
visual imprz=ssion. Using a short-axis echocardio- 
graphic view at the level of the papillary muscles, 
regional segment lengths and wall thicknesses were 
calculated. In the initial clinical study,’ 28 patients 
with acute =nterior transmural myocardial infarc- 
tion were Identified. One third of patients with 
anterior tremsmural infarction showed infarct ex- 
pansion du~ng the first few days after admission, 
characterized by disproportionate dilation (approx- 
imately 48% increase) and transmural thinning of 
the infarcted zone, accompanied by an increase in 
total left ve tricular circumference (approximately 
25%). 

Myocardgal infarct expansion was considered 
clinically important because, although patients with 
regional expansion did not have a significantly 
higher peak creatine kinase or Killip classification 
than those without expansion, they did have a 
significantly greater 8-week mortality (4 of 8 vs 0 of 
20). Thus, aselective topographic change in myocar- 
dial structure within the area of necrotic myocar- 
dium was responsible for a major alteration in left 
ventricular -opography. The mortality data sug- 
gested func<onal and possibly prognostic implica- 
tions. If patfnts in whom regional infarct dilation 
or infarct expansion develops could be identified 
early by sequential echocardiography, it was consid- 


ered likely that conventional management of myo- 
cardial infarction could be altered in favor of closer 
and more prolonged monitoring. Echocardiog- 
raphy, therefore, has a definite and useful role in 
the clinical evaluation of patients with acute myo- 
cardial infarction. It provides both immediate and 
serial assessment of regional and global ventricular 
function and topography. 

As pointed out in the initial echocardiographic 
study of this entity, expansion appears as a clini- 
cally silent process initially, without specific symp- 
toms in most patients. Yet, the greater extent of 
functional deterioration that characterizes these 
patients, possibly related to increases in wall stress 
imposed by infarct thinning and dilation on the 
noninfarcted myocardium, together with a signifi- 
cantly higher mortality,’ justifies efforts for early 
recognition of this complication. Two-dimensional 
echocardiography is an excellent technique for 
detecting developing alterations in cardiac topogra- 
phy by serial examination of acutely infarcted 
patients. This technique has been used in numer- 
ous subsequent studies to examine both the acute 
and chronic sequelae of infarct expansion. 


SIGNIFICANCE 

Early clinical studies have shown that overall 
cardiac enlargement is associated with an adverse 
prognosis.” The initial echocardiographic study 
had indicated that cardiac enlargement after myo- 
cardial infarction was likewise associated with 
increased mortality.” The mechanism of early dila- 
tion of the left ventricle in myocardial infarction, 
however, had not been well defined. Such early 
dilation may be due to the Frank—Starling effect, 
which results in an increase in the length of the 
uninfarcted segments in response to a reduction in 
contractile muscle mass. In contrast to this adap- 
tive physiologic mechanism, left ventricular dila- 
tion may alternatively be caused by a pathologic 
process that stretches and thins the infarcted 
myocardial segment, i.e., infarct expansion. 

To determine the relative contributions of these 
2 mechanisms to left ventricular dilation after 
initial anterior transmural infarction, Erlebacher 
and colleagues® obtained 2-dimensional echocardio- 
grams from 27 patients within 72 hours of the onset 
of symptoms of myocardial infarction and from 13 
healthy control subjects. A minor axis echocardio- 
graphic view at the papillary muscle level was used, 
as before, to delineate anterior and posterior 
endocardial segment lengths at end-diastole, which 
were measured with a off-line computer system. 
Papillary muscles demarcated the anterior and 
posterior segments. Anterior infarcted segment 
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lengths were compared to age- and sex-matched 
control subjects, as were posterior, uninfarcted 
segment lengths. 

Anterior infarcted segment lengths in patients 
with myocardial infarction averaged 11.6 cm, 
whereas in control subjects anterior segment length 
averaged 8.6 cm (p <0.001). Posterior, uninfarcted 
segment lengths in patients were not significantly 
different from posterior segment lengths in the 
normal control subjects, both averaging approxi- 
mately 5.4 cm. Therefore, measurable left ventricu- 
lar dilation during the first 3 days (and in 8 cases 
<24 hours) after transmural infarction appears to 
be due to selective dilation of the infarcted seg- 
ment, but not of the normal noninfarcted segment. 
Viable uninfarcted myocardial segments did not, in 
this early postinfarction period, appear to partici- 
pate significantly in the acute ventricular enlarge- 
ment. Infarct expansion thus appears to be the 
major cause of early left ventricular dilation in 
these patients. By increasing the size of the left 
ventricle, infarct expansion causes an additional 
load to be placed on the remaining, functioning 
myocardium. Thus, infarcts of similar size with or 
without expansion may have differing effects on 
ventricular mechanics and clinical outcome. 

In these patients, preexisting hypertension ap- 
peared to play a role in the genesis of infarct 
expansion. There was a significantly higher preva- 
lence of a history of hypertension (> 140/90 mm 
Hg) in patients who developed infarct expansion 
than in those who did not (10 of 16 in the expansion 
group, 2 of 11 in the nonexpansion group). How- 
ever, the frequency of hypertension on admission 
to the hospital did not differ between the 2 groups. 
A history of hypertension frequently predates left 
ventricular aneurysm formation, as disclosed at 
postmortem examination.” Insofar as infarct ex- 
pansion occurs early, one might suggest that gen- 
eral cardiac enlargement and/or discrete ventricu- 
lar aneurysm formation are apt to be determined in 
the first days or hours following infarction. 

This study also supported previous reports in 
which cardiomegaly, as measured radiographi- 
cally,” confers a poor prognosis. This includes 
New York Heart Association (NYHA) functional 
deterioration. Despite similar infarct sizes as esti- 
mated by peak serum creatine kinase levels, pa- 
tients with infarct expansion had significantly more 
exercise intolerance related to angina and dyspnea 
than those without expansion. There was also a 
nonsignificant trend toward higher hospital mortal- 
ity in patients with infarct expansion. Likewise, 
1-year mortality showed a higher, nonsignificant 
trend in the expansion versus the nonexpansion 


group. These observations suggested that infarct 
expansion, even in the early hours of infarction, 
confers a poor prognosis. 

Another consequence of infarct expansion is an 
increase in the surface extent of infarcted myocar- 
dium without any increase in infarcted mass. This 
bears importantly on methods of infarct size estima- 
tion that depend on measurement of surface area 
of ventricular dysfunction or scintigraphic defect 
size. In the presence of infarct expansion, any 
method that measures the area but not the mass of 
abnormal myocardium is likely to overestimate 
true infarct size. 

Echocardiography has been used to assess not 
only the early sequelae but also the later effects of 
acute infarct dilation on heart size. Dilation of the 
infarct zone has been shown to cause regional left 
ventricular dilation within hours to days of transmu- 
ral anterior infarction. In a subsequent study, serial 
echocardiographic studies were obtained in 13 
patients with acute anterior transmural infarction 
over a mean period of 13 months after the acute 
event (3-30 months). Echocardiograms were taken 
beginning 10-21 days after anterior transmural 
infarction. Using methods to ensure consistency of 
echocardiographic views in the serial examina- 
tions, measurements of ventricular dimensions were 
obtained from short-axis views at the papillary 
muscle tips, which divided the ventricle into ante- 
rior and posterior segment lengths. Anterior and 
posterior segmental dilation in each patient was 
assessed from the slope of a regression line of 
segment length versus time. Patients were classi- 
fied into those with and without infarct expansion. 
Expansion was defined as an anterior segment 
length 10-21 days after infarction that exceeded 
the upper limits of normal determined from 13 
age- and sex-matched normal control subjects. At 
10-21 days after infarction, the average anterior 
segment length in the 7 patients with expansion 
was 65% greater than in normal control subjects. 
Seven patients with expansion showed significant 
and continuing dilation during the long-term obser- 

ji ee 
vation of both the infarcted anterior and uninf- 
arcted posterior segments. The average increase in 
the anterior segment length was 1.1 cm (8%) and in 
posterior segment length, 0.9 cm (19%). This 
represents an average increase in overall left ven- 
tricular circumference of 11% during the observa- 
tion period. The 6 patients without infarct expan- 
sion showed no significant change in anterior or 
posterior segment length. Six of the 7 patients with 
infarct expansion were functionally limited by 
dyspnea and angina, or both; no patient without 
infarct expansion had functional cardiac limitation. 
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McKay et £" similarly demonstrated with contrast 
ventriculography the presence of ventricular en- 
largement 2 weeks after transmural myocardial 
infarction. Echocardiographic studies suggested 
that this dation involved both the infarcted and 
noninfarcted ventricular segments. The extent of 
akinesis anz dyskinesis present on the early ven- 
triculogram appeared to correlate closely with the 
magnitude of total left ventricular cavity enlarge- 
ment. 

It would appear, therefore, that infarct expan- 
sion occurrm g within 3 weeks of transmural myocar- 
dial infarctzon is the main contributor to left 
ventricular —ilation and is associated with impaired 
functional status. Moreover, a significant increase 
in ventricular size due to infarct expansion appears 
to predict Eater chronic, progressive ventricular 
enlargemert due to lengthening of both the in- 
farcted zone and the uninfarcted segment. Ventric- 
ular dilation after acute anterior myocardial infarc- 
tion thus bez=ts continued dilation. Regional infarct 
expansion, which usually occurs soon after myocar- 
dial infarcti=n, leads to further progressive dilation 
of the ventr-zle as a whole during long-term obser- 
vation. Thezefore, once a certain heart size is 
reached, th= tendency to further dilation of both 
the infarcted and uninfarcted segments is estab- 
lished. 

The above studies support the conclusion that in 
a large proportion of patients with anterior acute 
transmural afarction studied early after the acute 
event, echocardiography can identify disproportion- 
ate dilation Zf the infarcted zone that appears to be 
associated w-th an adverse prognosis, both in terms 
of functional status and mortality. The process 
continues, cithough to a lesser extent, during the 
subsequent 13 months and is associated with im- 
paired funct5nal status. 


PATHOLOGIC MECHANISMS OF INFARCT 
EXPANSION 

The prec:se mechanism of infarct expansion has 
been the subject of intense animal investigation. 
Studies performed in dog and rat models’*” sug- 
gested that = conditions are necessary to produce 
infarct expansion: transmurality and a threshold 
mass of infa-zted myocardium. These observations 
may explain why expansion is generally seen clini- 
cally in the setting of a large anterior transmural 
infarction,’ although the direct relation between 
the degree c7 expansion and infarct size has been 
questioned.” 

Several hypotheses have been put forth to de- 
fine the patLophysiology of expansion. In a recent 


study on the cellular mechanisms of infarct expan- 
sion, Weisman and colleagues” suggested at least 5 
kinds of cellular changes that could explain such 
gross alterations in cardiac topography. These 
include: (1) myocyte hypertrophy as a means of 
producing myocyte elongation and chamber en- 
largement; (2) necrosis of myocytes, contributing 
to wall thinning and dilation; (3) a reduction in 
intracellular space, which could result in wall 
thinning; (4) individual myocyte stretch, resulting 
in cell lengthening and thinning; and (5) rearrange- 
ment of myocyte bundles, with the result that fewer 
cells make up the thickness across the ventricular 
wall, with the total number of cells per unit length 
unchanged.” In rat hearts, wall thinning occurred 
in all regions but was most pronounced in the 
infarct zone. A decrease in the number of cells 
across the wall accompanied the wall thinning at 
each site, and this change correlated strongly with 
change in wall thickness. Only within the infarct 
zone did cell density increase from controls and 
accounted for only 20% of the thinning in that 
region. This change in density was attributable to 
both cell stretch and decrease in the intracellular 
space. In humans, a similar strong correlation 
between wall thinning and decreased number of 
cells across the wall was identified. Thus, a de- 
crease in the number of myocytes across the wall 
accounts for most wall thinning in the infarct zone, 
as seen in myocardial infarct expansion, and for all 
the thinning of noninfarcted regions in both rat 
and human models of myocardial infarct expan- 
sion. Cell stretch or decrease in intracellular space 
between myocytes occurs only within the infarct 
region and contributes to infarct thinning to a 
considerably lesser extent. 


NEWER METHODS OF IDENTIFYING AND 
QUANTIFYING INFARCT EXPANSION: MAGNETIC 
RESONANCE IMAGING 

The use of echocardiography has elucidated a 
heretofore unrecognized early complication of acute 
myocardial infarction, infarct expansion. Echocar- 
diography in the assessment of acute and chronic 
changes in cardiac architecture is not without its 
limitations. Because of limitations in the echocar- 
diographic window, it is often possible to obtain 
only a single cross-sectional view of high quality, 
and even then technical quality may not be suffi- 
ciently uniform or high to enable the computer- 
assisted quantitative analysis that is so necessary 
for the accurate assessment of infarct expansion. 
Furthermore, the 3-dimensional interrelations of 
one image plane to another may be difficult to 
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ascertain. Newer technologies appear to have over- 
come many of these problems. Magnetic resonance 
imaging (MRI) is one such technology. MRI ac- 
quires data in a spatially unambiguous fashion so 
that the 3-dimensional interrelations of one image 
plane to another are easily ascertained. Moreover, 
in most cases there are far fewer technical restric- 
tions on the acquisition of high quality images. The 
multiplanar nature of MR image acquisition, in any 
plane desired, is a feature that is unique to this 
imaging modality. Therefore, MRI appears well 
suited to the highly accurate quantification of both 
global and regional left ventricular function and 
architecture. One limitation of the measurement of 
wall thickness or wall thickening by echocardiog- 
raphy or other planar imaging techniques is the 
oblique course of the plane of the cross-sectional 
image through the LV wall, particularly near the 
apex. This obliquity results in overestimation of 
wall thickness by “in plane” analysis methods. 
Further, any change in the tilt of the LV wall with 
regard to the image plane between end-diastole 
and end-systole will affect the accuracy of thicken- 
ing and thickness measurements considerably. 

To overcome these limitations, we have devel- 
oped a method to quantify and map regional wall 
thickening throughout the left ventricle with MRI.” 
In contrast to those methods that measure planar 
wall thickness, this method uses the 3-dimensional 
geometry of the LV to calculate true or perpendic- 
ular thickness of the wall. A schematic representa- 
tion of a 3-dimensional volume element between 2 
imaging planes is shown in Figure 1. With this 
technique, the average perpendicular thickness 
may be computed from any 2 adjacent planar 
images. Although the problem of image obliquity is 
amplified toward the apex and may not be appar- 
ent at the midventricular level for the normal 
heart, it may nonetheless introduce significant 
error if the image plane is not strictly perpendicu- 
lar to the wall or if the heart is distorted by a 
disease process such as a transmural infarct, infarct 
expansion, or ventricular aneurysm. Therefore, a 
method of measuring thickness that is independent 
of the angle between the image plane and the LV 
wall should enhance significantly the accuracy of 
measurements of wall thickness and topography. 
This 3-dimensional volume element approach has 
been shown to result in significantly less variability 
of normal wall thickening, and in better discrimina- 
tion of the ischemic from nonischemic zones in an 
animal model of acute ischemia.” 

A second MRI method has been developed to 
improve quantification of regional ventricular func- 





tion and topography. Myocardial tissue tagging is a 
new MRI technique, and unavailable with other 
imaging modalities.” Tagging labels specific re- 
gions of myocardium just prior to image acquisi- 
tion. Figure 2 shows two images of the heart in an 
anesthetized dog (1.5 Tesla GE scanner). These 
cross-sectional images show 8 equidistant tags 
emanating from the left ventricular cavity. Myocar- 
dial tags traverse the heart and surrounding fixed 
structures, which serve as stable references to 
enable tracking of the heart itself. It was hypothe- 
sized that tags could be used to quantify rigid body 
motion, deformation, and torsion noninvasively, 
and that further, such quantification would signifi- 
cantly improve measures of regional function with- 
out contamination by different segments of the 
myocardium throughout the cardiac cycle. Rather, 
one would be comparing identical segments. Tag- 
ging is achieved by selective radiofrequency satura- 
tion of the thin planes intersecting the myocardium 
perpendicular to the cross-sectional images (Fig- 
ure 2). In the tagged regions, protons are in a 
different state of magnetization from surrounding 
tissues. This produces a contrasting signal that 
appears as a contrasting stripe embedded or in- 
scribed in the myocardium and surrounding station- 
ary structures. Applied at end-diastole, tags persist 
for up to 500 msec, thus enabling tracking of tags 
throughout ejection. It is thus possible to track any 
intervening displacement or deformation of the tag 
lines as the change in the tag position or shape 
relative to its end-diastolic position. One can thus 


Image plane 1 


FIGURE 1. Schematic representation of a 3-dimensional 
volume element between 2 Image planes. Image planes 1 
and 2 represent any 2 adjacent cross-sectional Image 
planes. The average perpendicular thickness (h,) is com- 
puted by dividing Its volume by the mean of the endocar- 
dial and epicardial areas (A n4 A,,,). h, = distance be- 
tween Imaging planes. Actual calculations of endocardial 
and epicardial segment lengths are based on linear ap- 
proximations of curved edges. A, and A, areas of the top 
and bottom of the volume element, respectively. (Re- 
printed with permission from Circulation.*’) 
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compare wh=re the tags were at end-diastole to 
where they ee at end-systole. As seen in Figure 2, 
nonuniform zounterclockwise rotation of a cross- 
sectional slice of myocardium is evident. Regional 
counterclockwise rotation is seen when comparing 
the end-diastolic position of the myocardial tags in 
the inferosedtal region to the position of the 
correspondi=g tags as they traverse the fixed non- 
cardiac struc:ures. 

Using mocardial tags, we have shown that 
quantificatica of regional myocardial function and 
architecture will be improved by tagging without 
contaminaticn by different segments of the moving 
myocardium -hroughout the cardiac cycle.” 

With the combination of a 3-dimensional vol- 
ume element approach to improve the accuracy of 
quantifying wall thickness and thickening, and 
magnetic resonance tissue tagging to track the 
motion of secific regions of the myocardium 
through the cardiac cycle, we feel we now have a 
considerably more accurate means of detecting 
and quantifying infarct expansion in patients. Fur- 
thermore, MRI makes it possible to quantify 
changes in lect ventricular architecture throughout 
the entire lez: ventricle, and not just a single cross- 
section. Thess new and accurate imaging method- 
ologies shoud enable the increasingly accurate 
evaluation o- new therapeutic strategies to amelio- 
rate infarct 2xpansion, and greatly increase the 
sensitivity axd accuracy of the identification and 
quantificatior. of ventricular remodeling in patients. 
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FIGURE 2. End-dlastolic and end-sys- 
tolic magnetic resonance Images, 
cross-sectional views (GE Signa scan- 
ner, 1.57). Mid-left ventricular views, 
showing 8 equidistant tags (dark 
stripes) emanating from the left ven- 
tricular cavity. The tags traverse the 
heart and the surrounding fixed struc- 
tures In this anesthetized dog, which 
serve as a stable reference to enable 
tracking of the heart itself. The myocar- 
dial tags, appearing as contrasting 
stripes, are actually embedded or in- 
scribed In the myocardium and sur- 
rounding stationary structures. Tagging 
in this example shows counterclock- 
wise rotation when comparing the end- 
systolic position of the myocardial 
tags, particularly In the Inferoseptal 
region, to the position of the corre- 
sponding tag lines as they traverse 
fixed extracardiac structures. 
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Patency of the Infarct-Related Coronary Artery 
and Ventricular Geometry 


Gervasio A. Lamas, MD, Marc A. Pfeffer, MD, PhD, and Eugene Braunwald, MD 


The pathogenesis of acute myocardial infarction 
(AMI) involves a sudden thrombotic occlusion of a 
coronary artery. Spontaneous or pharmacologic 
thrombolysis may lead to myocardial salvage if 
patency is achieved within a narrow time window. 
However, patients in whom thrombolysis occurs 
late seem to demonstrate improved left ventricu- 
lar (LV) function and prognosis, which may be in- 
dependent of myocardial salvage. Preservation 
of normal LV geometry by reducing expansion of 
the infarcted segment is a likely mechanism for 
this benefit. Infarct expansion is most pro- 
nounced in patients with anterior wall AMI who 
have a persistently occluded infarct-related ves- 
sel. This process of expansion leads to early in- 
creases in LV volume and distortions of LV con- 
tour (abnormal LV geometry). Patients whose 
infarct segment is largest, patients who have 
manifested infarct expansion, and patients with a 
persistently occluded infarct-related artery are 
at highest risk for progressive LV dilation. Experi- 
mental data support the concept that reperfu- 
sion of occluded vessels that occurs too late for 
myocardial salvage will preserve LV geometry by 
limiting infarct expansion. Prospective clinical 
trials should address whether there is a late, 
“second time window” during which infarct expan- 
sion and distortions of LV geometry may be re- 
duced by (1) therapy with thrombolytic agents 
applied late after infarction, (2) late mechanical 
reperfusion with percutaneous transluminal coro- 
nary angioplasty (PTCA) or related methods, and 
(3) load-reducing agents to decrease remodeling, 
such as angiotensin-converting enzyme inhibitors 
or nitroglycerin. 

(Am J Cardiol 1991;68:41D—51D) 
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he last 15 years have brought a clearer 
understanding of the changes in the coro- 
nary arteries responsible for the develop- 
ment of acute myocardial infarction (AMI). In the 
vast majority of Q-wave AMIs, the initiation of the 
acute event is brought about by coronary thrombo- 
sis occurring on a fissured or ruptured atheroscle-~ 
rotic plaque, leading to total coronary occlusion 
and subsequent myocardial necrosis. The appre- 
ciation of this sequence of events has brought with 
it an effort to limit infarct size by reestablishing 
coronary blood flow soon after the onset of chest 
pain to prevent the full extent of myocardial 
necrosis and preserve left ventricular (LV) func- 
tion. Although mechanical reperfusion, with and 
without intracoronary thrombolysis, has been at- 
tempted with some notable successes,’ the main- 
stay of coronary reperfusion remains intravenous 
thrombolytic therapy.” Experimental evidence, 
however, has shown that after coronary occlusion 
there is a rapidly moving wavefront of myocardial 
necrosis that proceeds from endocardium to epicar- 
dium, leading to completion of the infarction 
within 3 to 6 hours after occlusion. Thus, the 
efforts to apply thrombolytic therapy to all other- 
wise eligible patients with infarction have been 
limited by the perception that for full benefit to 
occur, there is a only a narrow time window for 
treatment after the onset of chest pain. The 
purpose of this review is to discuss the real possibil- 
ity that this time interval may be extended to 
patients with longer periods of ongoing coronary 
occlusion.” 


THROMBOLYSIS AND LEFT VENTRICULAR 
FUNCTION 

When thrombolytic therapy is used very early 
postinfarction, there is generally a demonstrable 
benefit in preservation of global LV function. 
Sheehan et al” reported that the ejection fraction 
measured by LV angiography showed a mild in- 
crease after thrombolysis (from 45.4% at baseline 
to 47.4% predischarge) only if reperfusion was 
attained prior to 4 hours after the onset of symp- 
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toms. The acreases in ejection fraction were due 
to improvenent of wall motion in the infarcted 
area of the early-reperfusion group. Mathey et al" 
catheterizei 69 patients who had been admitted 
less than 3 Ł>urs after the onset of transmural AMI 
and who had received thrombolytic therapy. Pa- 
tients were z=catheterized 2-3 weeks later, prior to 
hospital discharge. If thrombolytic therapy was 
initiated wi:1in 2 hours of the onset of symptoms, 
normal regmnal wall motion was found in 82% of 
patients. If treatment was delayed up to 5 hours, 
the probab.fty of improved wall motion was re- 
duced to 4=%. Serruys and associates” likewise 
found that waen thrombolytic therapy was adminis- 
tered within 3 hours of AMI, regional function at 
the site of -he infarct, as measured by contrast 
ventriculography 2-8 weeks after AMI, exhibited a 
significantly greater improvement than it did in 
patients recziving delayed therapy. 

As expec-ed, and presumably due to an improve- 
ment in or=rall LV function, a clear survival 
advantage kas emerged for thrombolysis-treated 
patients in large trials." However, since the 
beginning o= the thrombolytic era, there have been 
inconsistent Dut intriguing reports that suggest that 
the benefits of successful reperfusion of the infarct- 
related vess=l are not restricted to treatment dur- 
ing a fixed end narrow time window” and are not 
limited to petients who exhibit a measurable im- 
provement m ejection fraction with a proportion- 
ate decline m mortality. Indeed, the modest im- 
provements in ejection fraction associated with 
thrombolytic therapy would appear to be too small 
to account sor large improvements in survival”! 
(Table I). Examples of this phenomenon include 
the Tissue F-asminogen Activator: Toronto trial,” 
which compared tissue plasminogen activator (tPA) 
and placebo. Placebo group ejection fraction mea- 
sured by radionuclide ventriculography 9 days after 
AMI was 47%, whereas the tPA group ejection 
fraction was 54%. It is difficult to attribute the 
reduction in mortality from 12.5% to 5.1% to this 6 
point difference in ejection fraction within the 
low-normal range. White et al” compared treat- 
ment with streptokinase and placebo. The ejection 
fraction, me=sured by cardiac catheterization at 3 
weeks was 53% for the placebo group and 58% for 
the streptok-rase group. However, 30-day mortal- 
ity was 12.5% in the placebo group and 3.7% in the 
treated group. An improvement in ejection frac- 
tion of 5% within the low-normal range again 
would not azpear sufficient to account for such a 
striking improvement in survival. 





TABLE I Angiographically Controlled Studies Showing Mortality 
Reduction but Small Magnitude Differences in Left Ventricular 
Ejection Fraction 


Total 
No. No. 
Patients Agent Patients 


Early 


Study LVEF Mortality 


TPAT2 Placebo 
t-PA 
Placebo 
Streptokinase 
Placebo 


t-PA 


Interuniversity 
Study Group-° 

National Heart 
Study of 
Australia’® 


White et a}? Placebo 


Streptokinase 107 


Adapted from Ain J Med.?? 


LVEF = left ventricula” ejection fraction; rt-PA = recombinant tissue plasminogen 
activator; TPAT = Tissue Plasminogen Activator: Toronto. 


LATE SPONTANEOUS OR THROMBOLYTIC 
REPERFUSION 

Spontaneous reperfusion of the infarct-related 
vessel, due to endogenous lytic mechanisms, occurs 
in a time-dependent fashion after AMI. This phe- 
nomenon is thought generally to occur too late for 
myocardial salvage. DeWood and associates’ found 
that an occluded coronary could be demonstrated 
in 87% of patients with Q-wave AMI within 0-4 
hours of the beginning of infarction. The incidence 
of complete occlusion decreased to 65% in patients 
studied 12-24 hours after infarction. This time- 
dependent decrease in the incidence of occluded 
infarct-related vessels is presumably due to sponta- 
neous clot lysis. Indeed, the 13% of infarct-related 
arteries patent in the earliest phase of the infarc- 
tion might represent vessels that had been totally 
occluded earlier and had opened spontaneously by 
the time the angiograms were performed. Similar 
data on spontaneous thrombolysis have been ob- 
tained in the placebo arms of thrombolytic therapy 
trials. Coronary angiography of placebo-treated 
patients (carried out 2-8 weeks following AMI) 
revealed a patency rate of 52% for the infarct- 
related vessel in the study reported by Serruys et 
al.” White et alë? reported a similar (54%) placebo 
group coronary patency rate 3 weeks after infarc- 
tion. Thus, although spontaneous reperfusion of 
the infarct-related vessel occurs in about one half 
of patients with AMI, such reperfusion might be 
expected to occur too late for myocardial salvage, 
and, therefore, clinical benefits from such late 
reperfusion might not be expected. However, retro- 
spective analyses of clinical data suggest the re- 
verse to be true. 

Cigarroa et al“ reported on 179 patients after 
AMI who had single-vessel coronary artery dis- 
ease. Patients were divided into those with partial 
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or complete antegrade flow (36%) and those with 
no or minimal antegrade flow (64%). This classifi- 
cation was based on catheterization data obtained 
an average of 27 days after AMI. Baseline data, 
including LV volumes and ejection fraction, were 
nearly identical in both groups. The duration of 
follow-up ranged from 10 to 124 months. A multi- 
variate analysis demonstrated that the independent 
predictors of mortality were: status of antegrade 
flow in the infarct-related vessel, LV end-systolic 
volume, and the left anterior descending coronary 
as the infarct-related vessel (Figure 1). 

Similar results have been reported by Schroder 
and coworkers” on 368 patients from the Intrave- 
nous Streptokinase and Myocardial Infarction 
(ISAM) study. An analysis was reported of patients 
who had no evidence for early reperfusion as 
manifested by a late peaking serum creatine kinase 
MB time-activity curve. Contrast angiography was 
obtained 1 month after AMI and the infarct- 
related artery was found patent in 58% of patients. 
A patent infarct-related artery was associated with 
better LV function at the catheterization 1 month 
after AMI (ejection fraction in the group with a 
patent vessel was 56%; in the group with an 
occluded vessel, 50%). In patients with anterior 
infarctions, mortality at an average follow-up of 31 
months was 28% for patients with an occluded left 
anterior descending coronary artery, versus 8% for 
patients with a patent vessel. The difference in 
ejection fraction between these groups (patent 
artery, 53% ejection fraction; occluded artery, 44% 
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FIGURE 1. Survival analysis of patients with patent and 
occluded infarct-velated arteries. (Reprinted from Am J 
Cardiol.) 


ejection fraction) was not of sufficient magnitude 
to account for this marked difference in mortality. 


LATE THROMBOLYSIS AND SURVIVAL 

Observations from thrombolytic trials in which 
therapy was administered beyond the critical time 
for myocardial salvage supports the importance of 
patency of the infarct-related vessel. The apparent 
benefits of late reperfusion may translate to a 
survival benefit for patients receiving thrombolytic 
therapy after the traditional 4-hour time window 
has elapsed. Subgroup analyses of several prospec- 
tive studies have reported favorable results for 
comparatively late thrombolysis. The Western 
Washington Randomized Trial” of intracoronary 
streptokinase reported a 68% coronary reperfu- 
sion rate an average of 5 hours after the onset of 
the AMI without demonstrating an improved ejec- 
tion fraction. Nevertheless, 30-day and 6-month 
mortality were significantly lower in the streptoki- 
nase group than in the placebo group. The Throm- 
bolysis in Myocardial Infarction (TIMI) I trial 
initiated thrombolytic therapy an average of 4.5 
hours after the onset of symptoms.” ” Thrombo- 
lytic reperfusion occurred > 4 hours after the onset 
of symptoms in 64% of patients. Patients with a 
patent infarct-related vessel demonstrated a trend 
toward a lower 6-month mortality (vessels patent, 
5.6%; vessels occluded, 12.5%) and 12-month mor- 
tality (vessels patent, 8.1%; vessels occluded, 14.8%; 
p = 0.07)" 

The Second International Study of Infarct Sur- 
vival (ISIS-2) evaluated thrombolysis with streptoki- 
nase and aspirin up to 24 hours after infarction in 
17,187 patients.” Among patients enrolled 0—4, 
5-12, and 13-24 hours after the onset of symptoms, 
the streptokinase-associated reductions in the odds 
of vascular death 5 weeks after AMI were 35%, 
16%, and 21%, respectively. However, benefits of 
late thrombolysis have not been consistent across 
different studies. The Gruppo per lo Studio della 
Streptochinasi nell’Infarto Miocardico (GISSI) 
study% reported no survival benefit for patients 
receiving thrombolysis 6-12 hours after the onset 
of infarction. However, the number of patients 
treated in this time interval may have been too 
small to test this question adequately. Grines and 
DeMaria’ reviewed published data on late throm- 
bolysis and found that a summation of published 
data strongly suggests a survival benefit for patients 
receiving late thrombolysis (Table II). These in- 
triguing findings have led investigators to postulate 
mechanisms whereby attaining a patent infarct- 
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TABLE II Mortality of Patients Receiving Thrombolysis 12 to 
24 Hours Pos nyocardial Infarction Onset 


No. Deaths (%) 


Control 


84/383 (21.9) 


Thrombolysis 


44/354 (12.4) 
ISIS-1118 106/1,224 (8.7)  132/1,227 (10.8) 0.08 
Pooled 150/1,578 (9.5) 216/1,610(13.4) 0.002 


Adapted from J Æra Coll Cardiol.” 
ISIS-I! = Second aternational Study of Infarct Survival. 


related arte7v too late for myocardial salvage might 
still lead to improved survival. The most 
likely potertial mechanism is prevention of LV 
distortion early after AMI with resulting attenua- 
tion of late LV dilation. Another important possi- 
ble mechanism includes promotion of electrical 
stability in tæ reperfused infarct. 

Experimental evidence favoring late reperfu- 
sion: Hochman and Choo” induced AMIs in rats 
by ligating th2 anterior descending coronary artery. 
Some anime:s had a permanent coronary ligation, 
whereas otkers had either early (30 minutes) or 
late (2 hours) coronary reperfusion. The animals 
were studie= 6 weeks later, after the infarct had 
healed comzletely. As anticipated, infarcts were 
smaller in thz animals with early reperfusion. The 
infarct size =nd extent of infarct transmurality of 
animals with late reperfusion or permanent occlu- 
sion were nc’ different. However, the late (2-hour) 
reperfusion sroup demonstrated an extent of in- 
farct expansion that was comparable to that of the 
early reperfssion group and much less than that of 
the permanant occlusion group (Figure 2). Hale 
and Kloner™ noted, also in the rat, that late 
reperfusion resulted in a thicker scar and less 
infarct expazsion than did a permanent coronary 
occlusion (Feure 3). Althaus et al* reported that 
in pigs, repe-fusion after 1 hour led to the same 
infarct size » did permanent coronary occlusion. 
However, the reperfused group had less aneurys- 
mal LV dilaton detected at 1 week. This benefit on 
LV geometr, was ascribed by the investigators to 
more effecti healing of the infarct in the reper- 
fused group, suggesting greater strength of the 
reperfused rryocardial scar. 

Reperfus=d infarcts may demonstrate subendo- 
cardial hemo-rhage, and a reduction in infiltration 
with polymorcphonuclear leukocytes, but generally 
a similar hy<roxyproline content when compared 
with nonrererfused infarcts.” The effect of late 
reperfusion =n the tensile strength of the myocar- 
dial scar was studied by Connelly et al.*° In contrast 
to the study by Althaus et al,” these investigators 


Yusuf et al?° 0.0007 





found that late reperfused scars in the infarcted 
rabbit were similar to nonreperfused scars with 
respect to hydroxyproline content and fibrous tis- 
sue compositicn. Further, at physiologic stress 
levels, there were no differences in strain, stiffness, 
creep, and stress relaxation among groups of reper- 
fused or nonreperfused infarcts. Thus, the benefi- 
cial effects of late reperfusion may occur during a 
time window prior to the beginning of scar forma- 
tion, while the infarct is still “soft.” 

Force and coworkers” created experimental 
AMIs in dogs by ligation of the circumflex coronary 


r—p<0.01 —ar p= NS— 


m p< 0.01 ——— 


QN 
O 


M 
O 


(% LV) 


O 


Infarct Size 


O 


OO 


rp<0.001—r— p=NS— 


r——— p< 0.001 ————_“ 


> 
2S 
=) 
oi 
wn oO 
co 
o 
. 


O 


m—p=NS —r—p<005 — 


rm p<0,001 = 


Expansion Index 


Permanent 
ligation 


3C minute 2 hour 
reperfusion reperfusion 





FIGURE 2. Infarct size (A), percent transmurality (TM) (B) 
and expansion Index (C) for 30-minute reperfused, 2-hour 
reperfused and permanent coronary occlusions 

(mean + standard error of the mean) in the rat. Expansion 
Index Is defined as: (left ventricular [LV] cavity area/total 
heart area) < (uninfarcted wall thickness/Infarcted wall 
thickness). NS = not significant. (Reprinted with permis- 
sion from Circulation.) 
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FIGURE 3. Left ventricular changes with 
reperfusion after acute myocardial In- 

_ farction. Data are represented as indi- 
vidual points (open circles) and 

means + standard error of the mean 
(dark diamonds) and demonstrate ex- 
pansion index In rats without coronary 
occlusion (control); reperfusion after 30 
minutes and 90 minutes of occlusion 
(Re30 and Re90, respectively); and per- 
manent occlusion (Perm). Even though 
reperfusion at 90 minutes does not sal- 
vage myocardium, there Is less Infarct 
expansion than with a permanent occlu- 
sion. (Reprinted with permission from 
Am Heart J.*) 


Expansion 
index 


* p < 0.01 vs Control 


artery and studied the early, reversible phase of 
infarct expansion. In their preparation, reperfu- 
sion took place 3, 4, 6, or 8 hours later. Infarct size 
and transmurality were similar among all 4 groups 
studied. Delayed reperfusion produced an immedi- 
ate decrease in infarct expansion, measured as a 
return toward normal of the geometry of the 
infarcted segment. Late reperfusion was also asso- 
ciated with a reduction in end-diastolic cavity area 
(which correlates closely with LV volume) (Figure 
4). Brown et al* reported an improvement in LV 
geometry with reperfusion that was independent of 
myocardial salvage in a dog model. Immediately 
after delayed reperfusion, early infarct dilation was 
reversed. This was followed by increasing stiffness 
of the infarct segment and a partial normalization 
of LV volume. These investigators concluded that 
the infarct thins and dilates maximally immediately 
after occlusion, and that delayed reperfusion re- 
verses these immediate changes without the need 
for myocardial salvage. 

Since, as noted before, the fibrous tissue compo- 
sition, hydroxyproline content and tensile strength 
of the postinfarction scar tissue is similar in the 
reperfused and nonreperfused infarcts, Pirzada et 
al? and Brown et alë have speculated that the 
immediate reversal of infarction-induced dilation 
by reperfusion is due to calcium activation of the 
actomyosin complex, leading to contracture and 
contraction band necrosis and, therefore, less in- 
farct expansion. This hypothesis rejects the con- 
cept that delayed reperfusion may be beneficial by 
preventing late, progressive infarct expansion due 
to creep of the necrotic segment or scar and 
suggests a second time window measured in hours 
beyond which even delayed reperfusion may not be 
beneficial. In addition, these experimental studies 
suggest that the proposed improvements in LV 
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geometry of late reperfusion could be tested in the 
clinical setting. 

Finally, there is experimental evidence showing 
that early infarct expansion in the dog is dependent 
not only on the extent of myocardial necrosis, but 
also on the site of infarction. Picard and cowork- 
ers” have analyzed the extent of early infarct 
expansion measured 10 minutes following occlu- 
sion of the left anterior descending or the left 
circumflex coronary arteries. These investigators 
found that despite a similar extent of wall motion 
abnormality, the left anterior descending occlusion 
group had a greater increase in echocardiographi- 
cally derived endocardial surface area (28.4 + 13.6 
cm’) than did the circumflex occlusion group 
(5.2 + 2.5 cm’). This interesting observation of the 
differential effects of infarct location on LV shape, 
as mediated by infarct expansion, may partially 





FIGURE 4. Schematic drawing of end-diastolic endocardial 
outline before reperfusion (solld outline) and after late 
reperfusion (dotted line) constructed from the mean val- 
ues for 17 study dogs undergolng circumflex coronary ar- 
tery occlusion. NI = normal region; ECD = echocardlo- 
graphic contrast defect (infarcted region). (Reprinted with 
permission from J Am Coll Cardiol.*’) 
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TABLE IH Avalysis of 64 Patients Without Thrombolysis 
~~ Occluded LAD 


Patent LAD 

(n = 25) (n = 39) p 
Age (yrs) 54+ 12 55 + 10 NS 
Days 18 +6 18+5 NS 
CK peak (IU 2296 + 2340 2917 + 1267 NS 
RVG-EF (%) 35 + LE 3i +9 NS 
Q-wave sum 431 522 NS 
LV EDP (mr 4g) 1927 2l4&7 NS 
EDV (ml) 218 + 54 249 + 49 <0.02 
ESV (ml) 123 + 49 152 + 47 <0.02 
DSI (%)* 34 +6 40 +6 <0.002 
SSI (%)* 25 +7 29 +6 <0.05 
Akinesis (%)- 13 + 11 13 +8 NS 
Dyskinesis (Sat 10+9 17 +8 <0.002 


*Sphericity ince<®* is a measure of how spherical a ventricle :s. It is calculated by 
dividing the true L” volume by the volume of an imaginary sphere that was constructed 
using the longest =«s of the LV as its diameter. 

tWall motion <knormiality is calculated as the percentage of the overall LV diastolic 
perimeter that is a inetic or dyskinetic during systole. 


K = creatine kinase; DSI = diastolic sphericity index; EDP = end-diastolic 
pressure; EDV = and-diastolic volume; EF = ejectiori fraction; ESV = end-systolic 
volume; LV = Ie ventricular; RVG = radionuclide ventriculogram; SSI = systolic 
sphericity index. 





explain the-Jisproportionately adverse prognosis of 
anterior in-arctions.”’ Ultimately, clinical interven- 
tions with Ete reperfusion therapy may need to be 
tailored to nose groups most likely to sustain early 
and late LV shape changes. 


LEFT VENTRICULAR GEOMETRY AND THE 
OCCLUDED INFARCT-RELATED VESSEL 

Animal experiments” ™ as well as clinical obser- 
vations have established that the LV may dilate 
after AMI, a process often termed “LV remodel- 
ing.” This process begins in the acute period as 
infarct expansion, or thinning and lengthening of 
the infarct segment, and continues in the late 
convalescea: period with lengthening of the nonin- 
farcted segment.” These changes in the lengths 
of the spec ic components of the infarcted ventri- 
cle are asscciated with changes in the shape of the 
LV cavity.” Indeed, both Pirolo et al? and Jugdutt 
and Michorowski® have defined infarct expansion 
by its alteration of regional LV shape. Characteris- 
tics of the infarct-related vessel are important in 
determining the extent of abnormality of LV shape. 
Approxima-2ly 80% of patients with the most 
severe LV siape distortion had a totally occluded 
infarct relat2d vessel at catheterization approxi- 
mately 2 weeks after AMI.” 

We perf<rmed a reanalysis of 64 patients who 
had sustained a Q-wave anterior wall AMI, and 
who had received neither mechanical nor thrombo- 
lytic reperfision. Patients were catheterized an 
average of 17 days after AMI (Table III) and 
divided on ine basis of present or absent infarct- 
related vessel flow. An occluded left anterior 
descending coronary artery was present in 39 of 64 
(61%) patieuts. Patients with occluded and patent 


infarct-related vessels had similar peak creatine 
kinase, total number of Q-waves developed, and 
radionuclide ejection fraction. However, quantita- 
tive ventriculography revealed that patients with 
an occluded infarct-related vessel showed marked 
abnormalities of LV size, function, and shape” 
when compared with those with a patent vessel. 
Other retrospective clinical data also suggest 
that the occluded infarct-related vessel is associ- 
ated with infarct expansion and with the resulting 
chronic abnormalities of LV shape. Hirai et al” 
found that 7 of 12 patients who had a persistently 
occluded infarct-related artery without collateral 
filling despite intracoronary thrombolytic therapy 
developed LV aneurysms. In contrast, only 1 of 25 
patients with successful reperfusion developed an 
LV aneurysm as defined on repeat catheterization 
an average of 35 days after the acute study. 
Patients with occluded vessels at baseline who did 
not develop LV aneurysms were noted on a late 
catheterization to have developed either spontane- 
ous reperfusion or collateral filling of the infarct- 
related vessel. Forman et al* studied 79 patients 
after anterior wall AMI and noted that in the 52 
patients with a persistently occluded left anterior 
descending coronary artery, 25 (48%) had devel- 
oped LV aneurysms. In contrast, only 4 of 27 
patients (15%) with a patent left anterior descend- 
ing coronary artery developed an LV aneurysm. 
Touchstone et al” reported a small series of 
patients who received streptokinase <4 hours 
after infarction. There were 15 patients whose 
regional LV function did not improve on postin- 
farct echocardiograms, and, of these, 27% devel- 
oped infarct expansion. An occluded infarct- 
related vessel was present in all 4 patients who 
developed expansion and in only 1 of 11 (9%) 
patients who did not develop expansion. The inves- 
tigators concluded that when infarct expansion 
occurred after thrombolytic therapy, it was likely 
that an occluded infarct-related artery was present. 
LV shape abnormalities after infarction may 
independently portend a poor prognosis. Distor- 
tion of the normal ellipsoidal LV shape by infarct 
expansion Is associated with LV aneurysm forma- 
tion,” cardiac rupture” and is a mechanism for 
early LV enlargement. An apical—anterior LV 
shape deformity occurring early, prior to fibrosis 
and formation of a classic LV aneurysm, has been 
termed an “expaneurysm.”” Meizlish and cowork- 
ers” showed this early shape deformity, detected 
by radionuclide ventriculography, to be an ex- 
tremely important predictor of early mortality 
following anterior AMI. Patients who developed 
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severe LV shape abnormalities prior to hospital 
discharge had a 61% 1-year mortality, whereas 
patients without severe LV shape distortion mani- 
` fested only a 9% mortality. These investigators 
postulated that the abnormalities in LV contour 
observed were due primarily to infarct expansion. 

Physiologic considerations” and clinical stud- 
ies" suggest that LV shape is an important 
descriptor of LV structure and function and of 
clinical outcome. An analysis of left ventriculo- 
grams in patients with anterior infarctions” demon- 
strated that LV shape, as defined by the pattern 
recognition method described by Meizlish et al,” 
was an important correlate of LV volumes, ejection 
fraction, and filling pressures and was an indepen- 
dent predictor of the formation of LV mural 
thrombi. Patients with the most spherical left 
ventricles after anterior wall AMI demonstrated 
the poorest exercise capacity and functional class 
and were most likely to develop congestive heart 
failure.’ Thus, LV shape distortion is clinically 
undesirable and constitutes an additional conse- 
quence of infarct expansion. These unfavorable 
effects may be due to increases in regional wall 
stress from altered endocardial curvature and/or 
to alterations in fiber orientation, leading to disrup- 
tion of the normal contractile pattern? and contrac- 
tile dysfunction greater than expected from the 
extent of infarction alone. 

The association of infarct expansion and LV 
geometric distortion with the persistently occluded 
infarct-related vessel may have long-term sequelae 
as well. Erlebacher et al® followed patients sequen- 
tially with echocardiography after AMI and, as 
expected, found that some patients developed 
infarct expansion. Those patients with infarct ex- 
pansion were found to be at highest risk for late LV 
enlargement. Lamas and Pfeffer® studied 55 pa- 
tients an average of 21 months following a first and 
only anterior AMI. Patients’ diastolic and systolic 
LV volumes were closely related to the extent of 
wall motion abnormality. For example, for patients 
with a mild, moderate, or severe extent of wall 
motion abnormality, LV end-diastolic volume in- 
creased 17%, 61%, and 151% above that of pa- 
tients with no wall motion abnormality. The extent 
of wall motion abnormality, expressed as the per- 
centage of the diastolic perimeter that is akinetic 
or dyskinetic, correlates with the extent of LV 
dilation. Thus, the occluded infarct-related vessel 
may indirectly lead to chronic LV dilation because 
expansion of an infarcted segment may lead to a 
functionally greater degree of wall motion abnor- 
mality for a given infarct size. The patients in 





whom the unfavorable wall stress and loading 
conditions are most severe are those who enter the 
vicious cycle of progressive LV enlargement. 

A direct link between the occluded infarct- 
related vessel and LV dilation has been described 
by Jeremy and coworkers™ (Figure 5). These inves- 
tigators studied patients following AMI by means 
of radionuclide techniques within 48 hours of AMI 
and again at 1 month and related the presence or 
absence of progressive LV enlargement to the 
status of the infarct-related vessel as determined 
by cardiac catheterization prior to hospital dis- 
charge. The sole coronary anatomic predictor of 
progressive LV dilation was an occluded infarct- 
related vessel without collateral filling at the time 
of predischarge catheterization. 

Lavie et al® noted that progressive LV dilation 
could be prevented by successful thrombolysis. 
Pfeffer and coworkers” noted that a persistently 
occluded infarct-related vessel approximately 3 
weeks after an anterior wall AMI was a major risk 
factor for future, late, LV dilation. Mitchell et al” 
reported that late dilation is not due to additional 
expansion of the akinetic or dyskinetic segment, 
but to lengthening of the contractile segment, 
presumably due to volume overload hypertrophy of 
the noninfarcted segment. Thus, the persistently 
occluded infarct-related vessel, through its associa- 
tion with infarct expansion, leads to unfavorable 
local and global LV geometry. These early shape 
and volume abnormalities appear to cause the 
abnormal increases in internal loading conditions 
that lead to volume overload hypertrophy of the 
contractile segment and to late increases in LV 
volume. 
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FIGURE 5. Relation of Infarct-artery perfusion and left ven- 
tricular volume change In the month after myocardial In- 
farction. NS = not significant. (Reprinted with permission 
from J Am Coll Cardiol.) 
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ELECTROFAYSIOLOGIC EFFECTS OF 
CORONARY PATENCY 

The impzovement in survival suggested for late 
thrombolys3s may be related to beneficial electro- 
physiologic =ffects in the patient after AMI. Reper- 
fusion usinz streptokinase has been associated with 
a diminut.on of arrhythmias induced by pro- 
grammed stimulation.” However, this association 
was confovaded by a superior ejection fraction in 
patients treated with thrombolysis. Sager et alf 
evaluated < small number of patients with a recent 
transmural anterior wall AMI and LV contour 
deformities consistent with LV aneurysm forma- 
tion. The infarct-related vessel was patent in 75% 
of the thrombolysis-treated patients. Sustained 
monomorp* ic ventricular tachycardia could be in- 
duced in 12% of the thrombolysis-treated patients 
and in 88% of the nonthrombolysis-treated pa- 
tients. 

The presence of late potentials on the signal- 
averaged ekctrocardiogram of the patient after 
AMI is ccmsidered a risk factor for significant 
cardiac ar-iythmia. Patients with an occluded 
infarct-relat=d vessel are likely to demonstrate late 
potentials. [4cClements and colleagues” reported 
on 123 patents with AMI, of whom 95 (77%) had 
received thrombolytic therapy. The specificity of 
late potentæls recorded within 48 hours or on day 6 
for an occluded infarct-related artery was 76% and 
the sensitiv -~y was 66%. If a patient was free of late 
potentials 5 days after AMI, there was an 84% 
chance that :he patient had a patent infarct-related 
vessel. Gang and coworkers” studied 106 patients 
admitted w-:h a first AMI. Thrombolysis with tPA 
was adminis :ered within 4 hours in 44 patients. The 
remaining €2 patients did not receive thrombolytic 
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therapy. In the thrombolysis-treated group, late 
potentials, recorded within 48 hours of admission, 
were present in only 5% of patients. However, 23% 
of patients in the nonthrombolysis group demon- 
strated late pctentials. The apparent reduction in 
the incidence of late potentials by thrombolytic 
therapy was closely related to the patency of the 
infarct-related vessel. Only 6% of patients with a 
patent infarct-related vessel had late potentials, 
whereas 32% of those with an occluded vessel had 
late potentials recorded. Thus, the patient with a 
completed infarct and a patent infarct-related 
vessel appears to demonstrate a reduction in ar- 
rhythmia potential. 


PROSPECTIVE TRIALS 

Preliminary results of prospective clinical trials 
have not yet led to definitive recommendations 
regarding late thrombolytic or mechanical reperfu- 
sion. The sixth Thrombolysis and Angioplasty in 
Acute Myocardial Infarction (TAMI)-6” trial ran- 
domized 197 patients to therapy with tPA or 
placebo beginning 6—24 hours after symptom onset. 
Baseline catheterization was performed an average 
of 36 hours after infarction, and patients with a 
persistently occluded infarct-related vessel were 
re-randomized to receive angioplasty or no angio- 
plasty. At baseline catheterization, infarct-vessel 
patency for tPA-treated patients was 64% and 28% 
for the placebo-treated group. However, ejection 
fraction was similar (tPA group, 47.5%; placebo 
group, 48.5%), and inhospital mortality was also 
similar (9.6% vs 9.0%). At follow-up catheteriza- 
tion 6 months after admission, neither ejection 
fraction (52.5% vs 51.6%) nor infarct-vessel pa- 
tency status (54% vs 51%) were different between 
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FIGURE 6. The effect of load-reducing 
therapy with captopril on the left ven- 
tricular diastolic volume and shape of 
patients with a large Infarct and an oc- 
cluded infarct-related artery. NS = not 
significant. (Reprinted with permission 
from Am Heart J.°*) 
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those groups. However, placebo-treated patients 
demonstrated a 25% increase in LV volumes, 
whereas treated patients demonstrated stable LV 
volumes.” Final reports of TAMI-6 should provide 
information on more sophisticated measures of 
ventricular size and shape. 

The Estudio Multicentrico Estreptoquinasa Re- 
publica Argentina trial randomized 3,600 patients 
7-24 hours postinfarction to receive placebo or 
streptokinase therapy.” Preliminary reports sug- 
gested a small survival benefit only in the patients 
receiving streptokinase between 7 and 12 hours 
after MI.” Finally, preliminary results from a small 
Japanese trial” reported that late reperfusion (>6 
hours after AMI onset) was associated with end- 
diastolic volumes that were 29% smaller than those 
of the nonreperfused group. 


POTENTIAL DIRECTIONS IN THERAPY 

Currently available data suggest that coronary 
reperfusion beyond the classic time window of 6 
hours may be desirable and lead to preservation of 
LV geometry with improved survival. However, 
this “open vessel hypothesis” requires critical pro- 
spective analysis. Definitive clinical trials still need 
to address the comparative benefits on infarct 
expansion and LV geometry of therapy with throm- 
bolytic agents applied late after infarction, late 
mechanical reperfusion with percutaneous trans- 
luminal coronary angioplasty, coronary artery by- 
pass graft or other methods, load-reducing agents 
to decrease remodeling,” such as angiotensin- 
converting enzyme inhibitors (Figure 6) or nitroglyc- 
erin, and therapies combining late reperfusion and 
load reducing therapy. In addition, the concept of a 
“second time window” during which late reperfu- 
sion may be of benefit, as well as the specific 
patient population to target with expanded indica- 
tions for thrombolysis or angioplasty, will need 
future definition with randomized clinical trials. 
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Intravenous Nitroglycerin Unloading in Acute 





Myocardial Infarction 


Bodh |. Jugdutt, MBChB 


Low-dose intravenous nitroglycerin infusion can 
be safely acministered during acute myocardial 
infarction &@ unload the left ventricle and salvage 
Ischemic n-~vocardium and left ventricular geome- 
try and fun ion. In an experimental conscious 
dog model, ow-dose infusion titrated to decrease 
mean blood pressure by 10% over the first 6 
hours after coronary artery ligation resulted in 
51% decrease in infarct size, 54% decrease in 
preload, and more than 50% increase in collat- 
eral blood flow. The same benefits were seen 
when methzxamine was given to counteract that 
10% decrease in blood pressure. Similar short- 
term nitrogiycerin infusion also limited remodel- 
ing in the d=¢ model. More important, no myocar- 
dial salvage was seen with excessive 
nitrogiycer.a-induced hypotension to levels < 80 
mm Hg. Clinically, prolonged low-dose nitroglyc- 
erin infusion was evaluated in a prospective, ran- 
domized, simgte-blinded, placebo-controlled study 
of 310 patients with acute infarction: 154 re- 
ceived nitrezlycerin and 156 received placebo. 
Nitrogiyceri; was titrated to reduce mean blood 
pressure br 10% in normotensive patients and up 
to 30% in hypertensive (blood pressure > 140/90 
mm Hg) patients, but not to < 80 mm Hg. Nitro- 
gtycerin produced several benefits compared 
with placehs: (1) smaller creatine kinase infarct 
size; (2) les= regional left ventricular dysfunction, 
better giobal ejection fraction, and less infarct 
expansion and thinning; (3) better clinical func- 
tional status and hemodynamics; (4) fewer inhos- 
pital compl-cations such as acute left ventricular 
failure and cilation due to marked infarct expan- 
sion, left veatricular thrombus, cardiogenic 
shock, and infarct extension; and (5) fewer 


From the Divisicn of Cardiology, Department of Medicine, Univer- 
sity of Alberta, Edmonton, Alberta, Canada. Supported in part by 
grants from the Canadian Heart Foundation and the Medical 
Research Courcl, Ottawa, Ontario, Canada. 

Address fo- reprints: Bodh I. Jugdutt, MBChB, Division of 
Cardiology, 202.43 Walter Mackenzie Health Sciences Centre, 
University of A berta, Edmonton, Alberta, Canada, T6G 2R7. 


deaths up to 1 year in patients with anterior 
Q-wave infarction. 
(Am J Cardiol 1991;68:52D--63D) 


myocardial infarction (AMI) was considered 

dangerous until the late 1970s because of the 
risk of severe hypotension and reflex tachycardia."” 
When nitrates were proposed for therapy in conges- 
tive heart failure, the focus was on chronic reduc- 
tion of left ventricular impedance and afterload.» 
As a result, high doses and long-acting prepara- 
tions were favored.*” In contrast, the aim of nitrate 
unloading in AMI during the mid to late 1970s was 
mainly to reduce the elevated preload in patients 
with left ventricular failure or pulmonary edema 
without producing such marked reduction of after- 
load that might cause excessive hypotension and 
extension of ischemic injury.” Intravenous nitro- 
glycerin infusion was preferred in most studies” 
because its rapid onset and offset of action permit- 
ted more cautious administration, with accurate 
dose titration and prompt withdrawal of pharmaco- 
logic effect in the event of undesirable side effects. 
This article reviews the evidence that unloading of 
the left ventricle with low-dose intravenous nitro- 
glycerin infusion can be applied safely during AMI 
to salvage ischemic myocardium, left ventricular 
geometry and function, ™™ and improve clinical 
outcome." 


ntravenous nitroglycerin unloading in acute 


MECHANISMS 

Nitrates act primarily by causing vasodilation 
(Figure 1). Dilation of venous and arterial vascular 
beds results in left ventricular unloading via a 
decrease in preload and afterload. Dilation of the 
coronary vascular bed is the primary cause of 
increased coronary blood flow. However, coronary 
flow and the myocardial distribution of flow are in- 
fluenced by the decrease in preload and afterload. 

The underlying mechanism at the cellular and 
molecular level is direct relaxation of vascular 
smooth muscle. Needleman and Johnson” pro- 
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posed that exogenous nitrates interact with key 
sulfhydryl groups in specific nitrate receptors, 
thereby triggering denitration, oxidation of the 
sulfhydryl group, and relaxation. These authors 
also equated oxidation of the sulfhydryl group in 
the nitrate receptor with reduced affinity or toler- 
ance. Later, Ignarro et al” proposed a cascade 
involving intracellular biotransformation, meta- 
bolic activation to nitric oxide, S-nitrosothiol forma- 
tion, activation of guanylate cyclase, increase in 
cyclic guanosine moncphosphate formation, modi- 
fied calcium ion traffic, and relaxation. Recently, 
Palmer et al? proposed that endothelium-derived 
relaxation factor (EDRF), which mediates the 
action of nitro vasodilators, might be nitric oxide 
and represent an “endogenous nitrate.” A second- 
ary mechanism for nitrate-induced relaxation is via 
prostacyclin (PGL) release by the endothelium.” 
Vasodilation and dose: The pharmacologic 
fact that the effect of nitrates on different vascular 
beds is nonuniform and dose-related” has impor- 
tant pathophysiologic and therapeutic implications 
in AMI.” First, the sensitivity of vascular smooth 
muscle is greater in venous than arterial beds, and 
maximal venodilation is achieved at very low doses 
with nitroglycerin concentrations <0.2 ng/ml.” 
Higher doses decrease afterload without further 
decreases in preload.” This implies that left ventric- 
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ular preload might be maximally reduced very early 
during incremental dose titration, with little fur- 
ther decrease at higher doses. 

Second, arterial conductance vessels dilate at 
low dose and arteries at high dose.” ” Increasingly 
higher doses, therefore, decrease left ventricular 
impedance and afterload, blood pressure, and 
systemic vascular resistance. Of practical impor- 
tance is the recent demonstration that profound 
left ventricular unloading with decrease in left 
ventricular impedance and afterload is achieved in 
patients even before a detectable decrease in arm 
blood pressure can be measured by the standard 
sphygmomanometer.” 

Third, dilation of native intramural coronary 
collateral vessels and increased collateral flow is 
seen with low doses of nitroglycerin.” The marked 
decrease in preload at low doses is associated with 
decreases in filling pressure, ventricular wall ten- 
sion, and subendocardial compression, which also 
result in increased flow in intramural vessels and 
improved myocardial distribution of flow. Bas- 
senge and Stewart” elegantly showed in the dog 
model that nitroglycerin dilates veins and coronary 
arteries at very low doses (0.5 wg/kg/min), periph- 
eral arteries at 10-fold higher doses (5 wg/kg/min), 
and myocardial resistance vessels at 40-fold higher 
doses (20 wg/kg/min). 


Arterial Bed Coronary Bed 


} Afterload 
ų Impedance 
4 Blood Pressure 


t Collateral Flow 

4 Coronary Artery Spasm 

t Diameter of Epicardial Arteries 

t Dlameter of Stenoses 

t EDRF Activity 

} Platelet Adhesion & Plugs 

t Coronary Voin & Lymphatic Flow 

+ Removal of Noxious Metabolites of Ischemia 


improved LV Geometry 
4 Chamber Size 

4 Wall Stress 

4} Deformation Forces 
4 Regional Dilatation & 


improved Flow & 
Perfusion 


infarct Expansion 


} LV Filling Pressure 
t or —— Stroke Output 


* Regional & Global LV Performance 
į Regionai and Global LV Akinesis & Dyskinesie 
t Regional and Global LV Ejection Fraction 


4 infarct-Related Complications 
4 Infarct Extension 
{ LV Thrombus 
$ Cardlogenic Shock 
} In-Hospital and Late Mortallt 


Improved Survival 


4 Heart Block 
4 Heart Failure 
4 LV Aneurysm 


4 Globai Dilatation 
ų Aneurysm Formation 


4 Ischemic injury & infarct Size 


4 Infarct Expansion 





FIGURE 1. Mechanisms of action of nitrogtycerin in acute myocardial infarction. EDRF = endothellum-derived relaxation 


factor; LV = left ventricular. 
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Fourth, tigh doses of intravenous nitroglycerin 
required t= decrease mean arterial pressure by 
> 10% (range 17-45%) to levels below an average 
of 83 mm Ez (and down to 58 mm Hg) during AMI 
in the dog model decreased perfusion pressure and 
abolished teneficial effects on collateral blood flow 
and infarct size.” Such high doses produce exces- 
sive vasodilation and loss of ability for coronary 
autoregula—on, so that myocardial perfusion be- 
comes exqu_sitely dependent on driving perfusion 
pressure.” 

Fifth, continuous exposure to high doses and 
concentrations of nitrates for several days consis- 
tently prodice tolerance with attenuation of vaso- 
dilator effets and smooth muscle relaxation.””” In 
contrast, tol2rance with low dose intravenous nitro- 
glycerin inf sion for 48 hours in AMI is partial and 
infrequent, and does not abolish the beneficial 
effects.” 


SALVAGE GF MYOCARDIUM 

A major Dotential benefit of controlled nitrate- 
induced vasodilation in AMI is myocardial salvage. 
Thus, it faysrably modifies cellular energetics by 
decreasing myocardial oxygen demands and increas- 
ing supply, thereby decreasing ischemic injury and 
infarct size. '** At low doses, nitroglycerin acts 
predominantly as a venous and coronary artery 
dilator. The decrease in myocardial oxygen de- 
mand is therefore mediated mainly via a sequence 
of venodila: on, Increased venous capacitance, re- 
duced right ventricular size, reduced left ventricu- 
lar preloac, decreased left ventricular size, de- 
creased wall tension, and decreased wall stress.!""! 
Although less marked at low dose, arterial dilation 
decreases keft ventricular impedance and after- 
load, which also results in decreased left ventricu- 
lar wall tens.on, wall stress, and myocardial oxygen 
demand."’ The increase in myocardial oxygen 
supply is mediated mainly via dilation of epicardial 
conductancs vessels and stenotic sites, relief of 
coronary arz2ry spasm, dilation of preexisting inter- 
coronary anastomotic channels, decrease in suben- 
docardial compression secondary to decreased left 
ventricular illing pressure and preload, and an 
increase in -mtramural collateral blood flow.*”>” 

Since EDRF is decreased in damaged coronary 
endotheliur-,** exogenous nitrate might supply 
the lacking EDRF and nitrous oxide and produce 
endotheliur=independent vasodilation.” This ef- 
fect is more marked than in the presence of intact 
endotheliurz” Since damaged endothelium to- 
gether with zhe diminished EDRF and PGI, pro- 
mote platel=t aggregation, release of vasoconstric- 


tive agents (such as thromboxane A, and serotonin), 
and vasospasm,” exogenous nitrate can potentially 
improve coronary perfusion by exerting significant 
antiplatelet and antithrombotic effects during 
postinfarction remodeling, maintain patency of the 
infarct-related vessel after reperfusion therapy, 
and prevent postinfarction angina and/or recur- 
rent infarction.” However, a higher dose (1.2 
we/kg/min, or about 70 pg/min) is needed for 
producing these effects.” 

It is important to note that the potential for 
nitrates to increase collateral flow exists whether or 
not the infarct-related artery is totally occluded. In 
contrast, the potential for nitrates to increase 
antegrade flow by their ability to dilate large 
epicardial vessels and exert spasmolytic, antiplate- 
let, and antithrombotic effects is limited with total 
thrombotic occlusions but might be effective in 
preventing reocclusion, infarct- extension, and 
postinfarction angina after thrombolytic therapy.” 
Since nitrates might dilate coronary veins and 
lymphatics, they can potentially also improve cellu- 
lar energetics by increasing coronary venous and 
lymphatic flow, thereby causing more rapid wash- 
out of noxious metabolites of ischemia.” 

Experimental studies: Low-dose intravenous 
nitroglycerin consistently reduced experimental 
pathologic infarct size." In a conscious dog 
model, in which pathologic infarct size was mea- 
sured relative io the size of the occluded bed, or 
risk region,” intravenous nitroglycerin given over 
the first 6 hours after left circumflex coronary 
artery ligation in a dose titrated to decrease the 
mean arterial pressure by 10%, but not <90 mm 
Hg, resulted in a 54% decrease in left ventricular 
filling pressure, >50% increase in collateral blood 
flow, and a 51% decrease in infarct size measured 
at 2 days (Figure 2), In that study” the administra- 
tion of methoxamine to counteract the small nitro- 
glycerin-induced decrease in blood pressure was 
associated with similar beneficial effects on infarct 
size, preload, and collateral flow (Figure 2). These 
results suggested that the 10% decrease in blood 
pressure did not contribute significantly to the 
demonstrated benefits during AMI. 

In a similar dog model, but using left anterior 
descending coronary artery ligation,” excessive 
nitrate-induced hypotension abolished the benefi- 
cial effects on collateral flow and infarct size. The 
paradoxical J-curve effect of progressive nitroglyc- 
erin-induced afterload reduction on infarct size is 
depicted in Figure 3. In this study from our 
laboratory, infarct size was measured by computer- 
ized planimetry 7 days after left anterior descend- 
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FIGURE 2. Effect of nitrogtycerin (left) and nitroglycerin plus methoxamine (right) on the relation between myocardial 
infarct size and the size of the risk region. MX = methoxamine; NG = nitroglycerin; SEE = standard error of the esti- 


mate. (Modified with permission from Circulation.”*) 


ing coronary artery ligation in the same dog model 
and expressed as percent of left ventricular mass. 
The data on 70 dogs that survived 7 days and had 
similar risk regions (19 saline-treated control dogs; 
51 nitroglycerin-treated) indicated that graded re- 
ductions in afterload with increasing doses of 
intravenous nitroglycerin (range 5-300 jg,/min) 
led to more decreases in infarct size, compared 
with control dogs, for subgroups with decreases in 
mean arterial pressure in the range from 0 te 20% 
(down to 78 mm Hg). However, greater decreases 
in afterload, with mean arterial pressures between 
48 and 78 mm Hg, and percent decreases down to 
40% led to myocardial underperfusion and in- 


infarct Size 
{% LV} 


FIGURE 3. Paradoxical J-curve effect 
with progressive afterload reduction by 
nitroglycerin in acute myocardial infarc- 
tion. LV = left ventricle. 





creases in infarct size. This underscores the need 
for caution in administering vasodilators such as 
nitrates for producing marked decreases of after- 
load in AMI. In that context, more nitroglycerin is 
not necessarily better. 

Clinical studies: The major randomized clinical 
trials of intravenous nitroglycerin infusions in 
AMI“? are summarized in Table I. They all 
used a low dose but the titration end points 
differed (Table I). Several studies showed a de- 
crease in ischemic injury,” reduced creatine 
kinase infarct size, *”®*S and smaller perfusion 
defect scores on thallium scintigraphy.“ Bussmann 
et al® studied the effect of dose and showed that 3 
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TABLE I Dos2 and Duration of Intravenous Nitroglycerin in Randomized Trials of Acute Myocardial Infarction 


No. of 
Patients 


Interval from Onset of 


Referee Symptoms to Therapy 


35 controls 
35 NTG 
29 controls 
29 NTG 


Chiche et al** <24hr 


<8 hr (mean 4.5) & >8 hr 
(mean 12.8 hr) 


Bussmann etal*? 


42 controls 
56 NTG 


Flaherty et al~ <12 hr 


11 controls 
11 NTG 


<8 hr (mean 5.4) 


Jugdutt et al” 


14 controls 
14 ISDN 


Nelson et al** <14hr 


42 controls 
43 NTG 


Jaffe et al*® <12 hr 


76 controls 
64 NTG 


Lis et al” 


156 controls 
154 NTG 


Jugdutt & Warmica'* <12 hr (mean 5 hr) 


Duration 
of Therapy 


5—7 days (24 hr for first 12 pa- 
tients) 
48 hr 


Dose of Therapy 


Begin 15 g/min; increased to 
reduce SBP by 20 mm Hg 

Begin 12.5 g/min; increased 
to 100 g/min to reduce 
PCWP by 10 to 30% and 
MBP no more than 10% 

Begin 5 pg/min; increase to 
reduce MBP by 10%; keep 
SBP >90 mm Hg, HR > 50 
bpm 

Begin 5 g/min; increased to 
reduce MBP by 10%, not 
<80 mm Hg 

Begin 50 ug/kg/hr, up to 200 
we/ke/hr to reduce MBP by 
10mm Hg 

Begin 10 g/min, up to 200 
we/min to reduce SBP by 
10% or to 95 mm Hg, not 
<90 mm Hg; HR not <50 
bom; HR increase not > 20 

Begin 10 g/min; increased to 
reduce SBP <30 in those 
with SBP > 135 mm Hg, 
< 15 in those with SBP 120— 
134 mm Hg, and <5 in 
those with SBP 95~119 mm 
Hg (average dose 35 + 26 
we/min) 

Begin 5 pg/min; increased to 
decrease MBP by 10% in nor- 
motensive and 30% in hyper- 
tensive patients but not <80 
mm Hg 


48 hr Intravenous; 24 hr paste 
(1 inch) 


24-63 hr (mean 39) 


90 min 


24 hr (tapered over 4 hr) 


48 hr (mean 39 hr, range 
1~-154 hr) 


bpm = beats pe: minute; HR = heart rate; ISDN = iscsorbide dinitrate; MBP = mean blood pressure; NTG = nitrog ycerin; PCWP = pulmonary capillary wedge pressure; SBP = 


systolic blood pressure. 


mg/hour or 50 wg/min reduced ischemic injury but 
6 mg/hour or 100 g/min produced tachycardia, 
hypotensior, and either less decrease in ST- 
segment elevation or an increase in ST-segment 
elevation. 

In a large randomized study in which the aver- 
age dose was only 45 wg/min,“ the reduction in 
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ischemic injury as well as infarct size (Figure 4) was 
less in those patients (9% of 154 patients) whose 
mean blood pressure inadvertently decreased be- 
low 80 mm Hg in the first 12 hours. In that study,” 
timing of therapy influenced the degree of myocar- 
dial salvage. Thus, the beneficial effect on infarct 
size was found in patients treated up to 10 hours of 


FIGURE 4. Relation between blood 
pressure and myocardial salvage dur- 
ing nitrogtycerin Infusion. MAP = 
mean arterial pressure. (Modified with 
permission from Circulation.™) 
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onset of pain, but the effect was most marked in 
those treated early, within 4 hours of onset of pain 
(Figure 5). 


SALVAGE OF FUNCTION 

The first systematic application of intravenous 
nitroglycerin in AMI was to improve hemodynam- 
ics by unloading the left ventricle (Figure 1), 
predominantly via reduction of preload in patients 
with elevated left ventricular filling pressure (or 
preload) using low dose infusions.*”” Nitroglycerin, 
as all nitrates, consistently decreases elevated left 
ventricular filling pressure. The magnitude of the 
effect depends on the baseline level, i.e., the higher 
the baseline filling pressure, the greater the de- 
crease after nitroglycerin.® This effect, often re- 
ferred to as an internal phlebotomy, is due to the 
venous pooling caused primarily by dilation of 
systemic and pulmonary veins,” although dilation 
of mesenteric veins” and the pulmonary artery” 
might contribute. 

Several points need emphasis. First, the favor- 
able effect of intravenous nitroglycerin on hemody- 
namics in AMI depends on several interrelated 
factors, some purely hemodynamic (baseline hemo- 
dynamic status, degree of hydration and preload; 
the dose and degree of afterload reduction) and 
others secondary to effects on myocardial perfu- 
sion, ischemic injury, infarct size, and ventricular 
geometry and remodeling. 

Second, the favorable hemodynamic effect is 
seen at low doses. Bussmann” demonstrated that 
marked and prompt reduction in filling pressure by 
as much as 40% within 5 minutes was produced by 
doses that decreased mean arterial pressure by 
0-10%. Flaherty et al” found a 37% reduction of 
filling pressure with a mean 7% decline in mean 


FIGURE 5. Relation between timing of 
nitroglycerin therapy and myocardial 
salvage. (Modified with permission from 
Circulation.“) 
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arterial pressure. Similar observations were made 
in several of the randomized clinical trials of low 
dose nitroglycerin in early AMI.'*****’ However, 
in these studies, too, the favorable effect on hemo- 
dynamics was partly due to the limitation of isch- 
emic injury,*”® infarct size, “”“* and remodel- 
ing.” 

Third, even with high doses used in patients 
with congestive heart failure to achieve reduction 
of left ventricular impedance and afterload as well 
as preload and to improve left ventricular emptying 
and ejection, hemodynamics fails to improve in 
some patients, suggesting resistance.”™” Postulated 
mechanisms for this nitrate resistance include pri- 
mary receptor resistance, increased vasoconstric- 
tor tone from excess catecholamines, activation of 
the renin-angiotensin system, hemodilution, edem- 
atous vessel walls with impaired ability to dilate, 
and impaired hepatic metabolism of nitrate. ™? 
Occasionally, marked refractoriness is seen during 
early uncomplicated AMI, both in dogs*” and 
patients, *}® when very high doses (>200 ug/ 
min) fail to decrease blood pressure, suggesting 
primary arterial and arteriolar resistance.” 

Fourth, higher doses can be used safely in AMI 
but it is prudent not to exceed the decremental 
mean blood pressure cutoff of 80 mm Hg in the first 
12 hours. Under special circumstances (e.g., be- 
yond 12 hours of the AMI or more remote AMI 
when the risk of infarct extension from hypoten- 
sion is less; presence of hypertension; patients with 
a lesser risk of infarct extension because the 
infarct-related artery has been opened by reperfu- 
sion therapy), a slightly lower cutoff of mean blood 
pressure down to 70 mm Hg might be better 
tolerated, but this has not yet been adequately 
evaluated. Nevertheless, greater percent reduc- 
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tions of biod pressure and the additional signifi- 
cant reduczion in the patients with hypertension 
(blood pressure >140/90 mm Hg) impacts posi- 
tively on left ventricular hemodynamics and remod- 
eling." 

Fifth, Izw dose nitroglycerin in AMI consis- 
tently procaces a leftward and upward shift in the 
relation between left ventricular stroke volume and 
filling pressure,’ but stroke output may increase 
or remain unchanged as preload falls, depending 
on the basedine value and the shape of the Frank- 
Starling curve.” When afterload is decreased with 
higher doses of nitroglycerin, stroke output may 
increase o7 stay unchanged, but it may also de- 
crease’? i? the initial preload is low (as with 
volume depletion) or the decline in preload is 
excessive. ba the randomized clinical trials with low 
dose, card:ac output either increased’*”’* or was 
maintainec.**“~’ but did not decrease. 

Sixth, the beneficial effects of low dose nitroglyc- 
erin on left ventricular unloading, geometry, and 
infarct size: result in decreased regional and global 
left ventric_lar mechanical dysfunction’*” and im- 
proved regional and global ejection fraction.” 
In the large -andomized study of low-dose nitroglyc- 
erin by Jugdmtt and Warnica,” serial 2-dimensional 
echocardiograms in 128 patients (61 nitroglycerin, 
67 placebo) revealed prompt decrease in the total 
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extent of left ventricular akinesis and dyskinesis 
and improved global ejection fraction (Figure 6). 
This benefit persisted after acute therapy and was 
evident at 10 days and 6 months. Furthermore, - 
persistent benefit was found in both anterior and 
inferior infarction subgroups, was greater in early 
(<4 hours after onset of pain) than late (>4 
hours) therapy, and less in those with blood pres- 
sure <80 mm Hg. In the same study,” invasive 
hemodynamic data in 48 patients (19 nitroglycerin, 
29 placebo) showed a prompt decrease in pulmo- 
nary capillary wedge pressure (20 + 4 to 14 + 3 mm 
Hg; p <0.001) and a late increase in cardiac index 
(2.7 + 0.6 vs 3.1 + 0.5 liters/min/m’; p <0.01) with 
nitroglycerin but no improvement with placebo. 


SALVAGE OF GEOMETRY 

A direct effect of acute left ventricular unload- 
ing in AMI (by decreasing preload, afterload, 
chamber size, and wall stress) is to preserve left 
ventricular geometry further (Figure 1) by decreas- 
ing the magnitude of the mechanical deformation 
and distension forces acting on the infarct zone 
and the noninfarcted wall, thereby reducing the 
outward bulging of the infarct zone and global 
dilation.” Since early infarct expansion begets 
more expansion and leads to a vicious cycle of 
increased wall tension, more infarct stretching and 
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FIGURE 6. Changes In left ventricular (LV) asynergy and ejection fraction. *p < 0.001, significance of difference In values 
at 6 (2), 24 (3 , 48 hours (4) and 10 days (5) from baseline value (1) by multiple measures analysis of variance. (Modifled 


with permission from Circulation.”) 
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thinning, more global ventricular dilation, aneu- 
rysm formation, congestive heart failure, increased 
risk of cardiac rupture, and increased morbidity 
- and mortality,”"*°** attenuation of acute expan- 
sion by left ventricular unloading can potentially 
interrupt this cycle. However, a primary determi- 
nant of acute infarct expansion is infarct size and 
transmurality,'*'***”’ so that therapy that produces 
myocardial salvage is an effective means of limiting 
remodeling. 

Experimentally, low-dose intravenous nitraglyc- 
erin infusion given for 6 hours after coronary artery 
ligation results in myocardial salvage and smaller 
infarcts that are predominantly subendocardial 
and have greater subepicardial buttressing by nor- 
mal myocardium at 2 days” or 7 days” in the dog. 
In the same dog model, early 6-hour infusion of 
nitroglycerin also limited infarct thinning and in- 
farct expansion measured at 7 days.” Also in the 
dog model, nitroglycerin given between 2 and 7 
days after a left anterior descending coronary 
artery ligation not only reduced expansion and 
thinning over 6 weeks, but also improved left 
ventricular function (as shown by serial echocardio- 
graphy), improved mechanical strength, decreased 
distensibility, and increased the rupture thresh- 
old.” 

In clinical studies, low-dose intravenous nitro- 
glycerin over 48 hours persistently decreased left 
ventricular diastolic and systolic internal dimen- 
sions and volumes in anterior” and inferior“ 
AMI for up to 1 year.” Limitation of ventricular 
enlargement was associated with improved ventric- 
ular performance in both studies.” In the larger 
and more recent study,” further evidence of limita- 
tion of remodeling was reflected by attenuation of 
infarct expansion and thinning compared with 
placebo (Figure 7). In contrast to the placebo 
group, in which expansion index increased by 31% 
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FIGURE 7. Changes In expansion Index 
(left) and thinning ratio (right). *p 
<0.05, significance of difference com- 
paring values at 2—3 days (2) and 10 
days (3) from baseline (1). (Modified 
with permission from Circulation.”) 
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(p <0.001) and thinning ratio decreased by 17% 
(p <0.001) at 10 days, these parameters did not 
change in the nitroglycerin group. More impor- 
tant in that study,” limitation of remodeling was 
also manifested by a decrease in frequency of the 
clinical infarct expansion syndrome’ from 
15% to 2% (p <0.0005), cardiogenic shock (from 
15% to 5%, p <0.005), congestive heart failure, 
and inhospital mortality from 26% to 14%, 
(p <0.01). In addition, the functional Killip class 
score was 40% less by 10 days in the nitroglycerin 
group compared with placebo.” 

Although reperfusion attenuates postinfarct re- 
modeling,” no full articles have been published 
during the thrombolytic era to date on the effect on 
nitroglycerin in AMI. However, several prelimi- 
nary reports indicate marked benefit with com- 
bined nitroglycerin and reperfusion therapy.“ In 
one study,” late reperfusion alone was associated 
with attenuation of infarct expansion and thinning 
without improvement of function. However, late 
reperfusion combined with low-dose nitroglycerin 
therapy resulted in limitation of remodeling and a 
prompt improvement in left ventricular function.” 
In the other studies, © low-dose intravenous nitro- 
glycerin for the first 48 hours, with or without 
thrombolytic therapy, followed by buccal nitrate 
for the next 6 weeks resulted in further limitation 
of remodeling, further improvement in function, 
limitation of left ventricular dilation, and de- 
creased frequency of aneurysm formation. In these 
studies,® an eccentric buccal nitrate dosing sched- 
ule was used to avoid tolerance. Also, most pa- 
tients received thrombolytic therapy with intrave- 
nous streptokinase or recombinant tissue type 
plasminogen activator (rt-PA) concomitantly with 
low-dose intravenous nitroglycerin infusion, and 
there was no increased frequency of hypoten- 
sion, “5 
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EFFECT ON OUTCOME AND SURVIVAL 

To date, there has not been a large clinical trial 
of the effec” of nitrates on survival in AMI. In the 
study by Flaherty et al,” retrospective analysis 
revealed that the early subgroup (<10 hours after 
onset of syraptoms) had less infarct complications 
in the first #0 days, including new congestive heart 
failure (6% vs 30%), infarct extension (12% vs 
26%), and death (4% vs 19%). Total inhospital 
mortality was also reduced in the early subgroup 
(15% vs 39%, p = 0.003). 

In the study by Jugdutt and Warnica, there was 
a significant decrease in infarct complications (Fig- 
ure 8) other than those related to remodeling. 
Thus, the nitroglycerin group showed less infarct 
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FIGURE 8. Major inhospital complica- 
tion rate with nitroglycerin therapy in 
acute myocardial infarction. LV = left 
ventricular. (Data from Circulation.”) 
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extension (11% vs 22%, p <0.025) and less left 
ventricular thrombus (5% vs 22%, p <0.005) com- 
pared with placebo. In addition, there were fewer 
deaths inhospital up to 38 days (14% vs 26%, 
p <0.01), at 3 months (16% vs 28%, p <0.025), 
and at 12 months (21% vs 31%, p <0.05). How- 
ever, this effect was mainly seen in the subset of 
high-risk patients with anterior Q-wave infarction 
who also had the greatest topographic deteriora- 
tion (Figure 9). Although lower mortality with 
low-dose intravenous nitroglycerin was also found 
in only one other study by Bussmann et al,” a 
meta-analysis of the pooled data from all 8 trials of 
intravenous nitroglycerin (Figure 10) and oral 
nitrates conducted by Yusuf et al” indicated a 49% 
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FIGURE 9. Actwarlal survival curves for nitroglycerin and control groups. Data over 43 months or 186 weeks of long-term 
follow-up are chown. Left: all patients. Middle: anterior subgroup. Right: inferlor subgroup. (Data from Circulation.) 
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reduction in the odds of death for all trials with 
intravenous nitroglycerin (2p <0.001) and a 35% 
reduction in odds of death (2p <0.001) for all 
nitrate trials. 


LOW-DOSE REGIMEN 

It is clear from experimental and clinical studies 
that the dosage of nitroglycerin in AMI must be 
individualized and titrated to a discrete hemody- 
namic end point. Several arbitrary and elaborate 
dose titration schedules were used in short-term 
studies in an effort to avoid nitrate-induced hypo- 
tension. Most trials favored a 10% decrease in 
mean blood pressure as cutoff but never below a 
mean blood pressure level of 80 mm Hg or a 
systolic blood pressure level of 90 mm Hg (Table I). 
It is clear that low-dose nitroglycerin infusion can 
be given safely during AMI to modify multiple 
biologic and clinical end points favorably. "%4" 
Blood pressure can be monitored noninvasively, *“ 
using a standard sphygmomanometer,” and can be 
done by the nursing staff." To allow for the 
variability in blood pressure in early AMI, mean 
blood pressure cutoffs of 10% for normotensive 
patients and 30% for hypertensive patients (de- 
fined as blood pressure > 140/90 mm Hg) was used 
effectively by Jugdutt and Warnica."* The low-dose 
regimen used by my group (Table II) is similar to 
that recommended by the task forces of the Ameri- 
can College of Cardiology and the American Heart 
Association in 1990." Nitroglycerin for intravenous 
use is commercially available in North America but 
can be prepared by the hospital pharmacy. The 
infusion is begun at 5 we/min, titrated upward to 
the target level, and generally maintained for 48 
hours unless excessive hypotension develops. Mean 
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FIGURE 10. Mortality in randomized 
trials of Intravenous nitroglycerin. NS = 
not significant. 
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TABLE H Typical Protocol for Low Dose Intravenous 
Nitroglycerin 


1. Can use standard intravenous set with infusion pump 
2. Begin at 5 g/min; increase by 5—10 pg/min every 5—10 min until 
the desired end point or a dose of 200 g/min is reached 
3. Titrate to desired hemodynamic end point: lower mean BP by 
- 10% in normotensives 
- 30% in hypertensives 
- but not <80 mm Hg 
4, Reassess if: 
- systolic BP <90 mm Hg 
- mean BP <80 mm Hg 
- diastolic BP increases > 15 mm Hg 
- heart rate increases > 20% or decreases <50 bpm 
5, Continue infusion for at least 24 hours, preferably 48 hours 
6. Discontinue if hypotension; restart at 5 g/min when safe 
7. To stop, titrate down by 5—10 g/min every 5—10 min 
8. Averag2 dose range 30 to 140 pg/min 


BP = blood pressure; bpm = beats per minute. 


blood pressure is calculated as two thirds diastolic 
plus one third systolic blood pressure. There is no 
safe fixed dose. Nitrate resistance and tolerance 
require upward titration. However, partial toler- 
ance, seen after a mean of 11 hours in 24% of 
patients who required increase in dose to maintain 
the desired hemodynamic effect, only blunted the 
beneficial effect on infarct size and did not affect 
beneficial effects on function, topography, and 
complications.” Greater caution should be exer- 
cised in patients prone to increased nitrate sensitiv- 
ity, e.g., hypovolemia; inferior AMI; the right 
ventricular infarction syndrome; the elderly. Blood 
pressure, heart rate and clinical status are moni- 
tored during the infusions. 

In conclusion, left ventricular unloading with 
low dose intravenous nitroglycerin infusion can be 
safely applied to salvage ischemic myocardium, 
geometry and function after AMI and improve 
outcome and survival. 
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Dysfunction Following Myocardial Infarction: 
Optimal Timing and Patient Selection 


Norman Sharpe, MD 


Treatment “or clinical congestive heart failure is 
effective, bart because severe ventricular dys- 
function is >ften present at the time of clinical 
presentation, it may only be palliative. Recent 
clinical studies indicate that treatment of symp- 
tomless leit ventricular dysfunction from 1 week 
following rryocardial infarction or later may pre- 
vent furthes ventricular dilation and possibly re- 
duce the occurrence of heart failure. Considering 
the potentél for progressive ventricular dilation 
that exists From the time of myocardial infarc- 
tion, early intervention following myocardial in- 
farction mzy provide greater benefit. in a double- 
blind study. 100 patients with Q-wave myocardial 
infarction, but without clinical heart failure, were 
randomized to treatment with captopril 50 mg 
twice daily pr placebo, 24—48 hours following on- 
set of symptoms. During 3 months of treatment, 
the placebe group showed significant increases 
in left ventaicular end-diastolic and end-systolic 
volume incices with ejection fraction unchanged. 
In contrast. the captopril group showed a slight 
but insignifcant increase in left ventricular end- 
diastolic valume index and a significant reduction 
in end-systolic volume index with ejection frac- 
tion increased. Thus, early treatment of patients 
following G-wave myocardial infarction with con- 
verting enz,/me inhibition is effective in prevent- 
ing ventric lar dilation and provides an advan- 
tage over Eater treatment. Selection of patients 
with Q-wave infarction at 24 hours, after throm- 
bolysis, pr rvides therapy for those most likely to 
benefit, wh ch is well tolerated without risk of hy- 
potension. 

(Am J Cardiol 1991;68:64D—69D) 
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r [= rationale for treatment of symptomless 
left ventricular dysfunction is based on the 
known poor prognosis for heart failure and 

the fact that severe left ventricular dysfunction is 

often present by the time overt congestive heart 
failure is manifested clinically. Evolution of Q-wave 
infarction may be followed by early infarct expan- 
sion’ and later by progressive global ventricular 
dilation’ (Figure 1). Ventricular volumes are strong 
predictors of long-term survival’ and congestive 
heart failure occurs increasingly during the years 
following myocardial infarction.’ Intervention to 
prevent heart failure may be considered at various 
stages following myocardial infarction with dif- 
ferent processes amenable to treatment at dif- 

ferent times (Figure 2). 

Recent clinical studies have demonstrated that 
angiotensin—converting enzyme (ACE) inhibition 
can improve symptomless left ventricular dysfunc- 
tion and possibly prevent congestive heart failure 
when treatment is commenced 1 week following 
myocardial infarction or later.’ Also partial rever- 
sal of progressive left ventricular dysfunction can 
be achieved with treatment after 1 year.’ However, 
ventricular dilation can occur from the time of 
myocardial infarction, and early intervention, rather 
than from 1 week or later, may provide greater 
benefit. Immediate treatment, from the time of 
admission may confer maximal benefit but will be 
nonselective and possibly difficult to administer 
with concomitant thrombolysis. Treatment of pa- 
tients with Q-wave infarction after 24 hours may be 
more practical because it will provide therapy to 
those most likely to benefit. Thus, we studied the 
effects on ventricular size and function of ACE 
inhibition commenced 24—48 hours following the 
onset of symptoms in patients with Q-wave myocar- 
dial infarction.’ 


PREVENTIVE TREATMENT 

Patients with definite Q-wave myocardial infarc- 
tion who were clinically stable 2448 hours follow- 
ing the onset of symptoms were considered for the 
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FIGURE 1. Ventricular dilation following myocardial infarc- 
tion. 


study. Those who had received thrombolysis fol- 
lowing admission were considered for inclusion 
providing evolution of Q waves was evident electro- 
cardiographically. Eligible patients underwent 2-di- 
mensional echocardiography and those with ade- 
quate image quality who provided informed consent 
and tolerated an open test dose of captopril 12.5 
mg were randomized. Patients received double- 
blind treatment with either captopril or placebo. 
Captopril 25 mg twice daily or placebo was given 
on the first day, increasing to 50 mg twice daily on 
the second day and continuing on this dose for 3 
months. In cases of significant hypotension (sys- 
tolic blood pressure <80 mm Hg or occurrence of 
symptoms), dosage was reduced and later in- 
creased according to blood pressure. Patients were 
reviewed with clinical and echocardiographic assess- 
ment at 1 week, 1 month, and 3 months and finally 
after a 48-hour treatment withdrawal period. Clini- 
cal congestive heart failure occurring during the 
trial period was treated with furosemide and pa- 
tients not controlled with diuretic treatment were 
withdrawn from the trial for open treatment. Pa- 
tients with angina not responding to nitrates and B 
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FIGURE 2. Eariler Intervention In heart 
failure. 
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blockers and requiring coronary angiography were 
withdrawn, as were those with reinfarction. The 
end points of the study were left ventricular vol- 
umes and function measured by 2-dimensional 
echocardiography and the occurrence of clinical 
heart failure requiring diuretic treatment or trial 
withdrawal. Echocardiographic methods of exami- 
nation, analysis, and normal values have been 
previously described.’ Left ventricular end-dia- 
stolic volume index (LVEDVI), left ventricular 
end-systolic volume index (LVESVI), and stroke 
volume index (SVI) were estimated at each assess- 
ment. 

One hundred patients were randomized to treat- 
ment with captopril or placebo following assess- 
ment of 114 patients with Q-wave infarction, 12 of 
whom were excluded because of inadequate 
echocardiographic image quality and 2 because of 
symptomatic hypotension following test dosage 
with captopril. The clinical characteristics of the 2 
treatment groups were similar, with a predomi- 
nance of male patients, approximately equal num- 
bers of patients with anterior and inferior myocar- 
dial infarction, and with 72% of all patients having 
had thrombolytic treatment. Baseline echocardio- 
graphic measurements of left ventricular volumes 
and function are shown in Table I and Figure 3. 

The treatment effect observed between the 
groups for the changes in left ventricular volumes 
was significant (LVEDVI and LVESVI both 
p <0.0001). The unadjusted volume data at base- 
line and 3 months are shown in Figure 4. The 
adjusted mean differences from baseline are shown 
in Figures 5 and 6. The placebo group showed 
significant increases in LVEDVI and LVESVI 
from 1 week to 3 months, with SVI increased and 
ejection fraction unchanged. In contrast, the capto- 
pril group showed no significant change in LVEDVI 
and a significant reduction in LVESVI from 1 week 
to 3 months, resulting in significant increases in 
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TABLE | Basel ne Echocardiographic Measurements of Left 
Ventricular Vd ame 


Normal 
Values 
{n = 50) 


56.2 (9.0) 
25.7 (5.0) 
30.5 (5.3) 


Placebo 
Group 
(n = 50} 


68.4 (18.2)* 
40.4 (13.1)* 
27.9 (7.5) 


Captopril 
Group 
(n = 50) 


73.3 (16.5)* 
44.2 (12.2)* 
29.1 (7.4) 


Left Ventricc fr 
Volume indizas 


LVEDVI (mL/neD 

LVESVI (mL/n™ 

Stroke volume cdex 
(mL/m?) 


Ejection fractic” (%) 40.2 (7.0)* 


*p <0.0001 vs arma! values. 
Values are meareGtandard deviation) 


LVEDVI = left ventricular end-diastolic volume index; LVESVI = left ventricular 
end-systolic volume ndex. 


41.1 (6.4)* 54.4 (3.4) 


SVI and ejection fraction. Most of the treatment 
benefit was =vident within the first month, and at 3 
months there was a 4.6% difference (p <0.0001) in 
the change m ejection fraction from baseline be- 
tween the Z groups. There was no change in left 
ventricular volumes following the 48-hour treat- 
ment withdrewal period after 3 months. During the 
study period 7 patients in the captopril group and 
7 in the placebo group were treated with fu- 
rosemide. ‘Three of these, 1 in the captopril group 
and 2 in the placebo group, were withdrawn from 
the study with severe heart failure requiring open- 
label treatment. Anterior and inferior infarct sub- 
groups showed similar changes in left ventricular 
volumes anz function (Figure 7). There was no 
different treatment effect observed in the minority 
(28%) of patents who did not receive thrombolysis 
for any of the dependent variables. 


TIMING OF INTERVENTION AND PATIENT 
SELECTION 

It is clinically important to consider the optimal 
timing of thistreatment following myocardial infarc- 
tion. Recer. experimental studies in rats with 
myocardial -afarction have demonstrated a benefi- 
cial effect cf captopril on left ventricular perfor- 
mance, weisnt, and volume,’ which is consistent 
with the res.lts of previous similar studies.” How- 
ever, there was no difference in the benefit with 
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immediate treatment commenced orally 2 hours 
after coronary ligation compared with delayed 
treatment initiated at 21 days when the animals 
were studied after 4 months of treatment.” How- 
ever, although immediate parenteral rather than 
oral treatment may have been more effective, it is 
also possible that immediate treatment may confer 
some disadvantages, which tend to reduce the 
overall benefit of treatment. Blockade of compen- 
satory mechanisms activated at the time of infarc- 
tion may not be desirable in the immediate postin- 
farction period, even though these mechanisms 
may be deleterious later. Also, while the rat model 
is useful for studies of left ventricular remodeling 
after myocardial infarction, patients with coronary 
artery disease may respond differently to ACE 
inhibition. 

In contrast to the animal data, comparison of 
this early intervention study and previous clinical 
studies does indicate that early treatment provides 
a greater benefit. In our previous clinical study” 
we selected patients with Q-wave infarction for 
treatment with captopril at 8-9 days following 
myocardial infarction and continuing for 1 year. At 
baseline, mean LVEDVI was approximately 35% 
above normal and LVESVI approximately 85% 
above normal (compared with approximate in- 
creases in LVEDVI and LVESVI of 25% and 50%, 
respectively, at 24-48 hours in the early interven- 
tion study). Although captopril significantly re- 
duced ventricular dilation in contrast to the further 
dilation that occurred with placebo, after 1 year of 
captopril treatment LVEDVI was still 30% in- 
creased and LVESVI still 50% increased. Mean 
ejection fraction had improved from approximately 
37% to 44%. Thus, despite a beneficial effect from 
captopril treatment, most patients still had moder- 
ate left ventricular dilation and dysfunction persist- 
ing. In a further study,’ a group of patients who had 
demonstrated progressive ventricular dilation dur- 
ing the first year following myocardial infarction 


FIGURE 3. Baseline values for stroke 
volume index (SVB and left ventricular 
end-diastolic volume index (EDV}) for 
the captopril (C) and placebo (P) 
groups. The dotted lines enclose the 
normal range for these volumes and the 
shaded area the normal range for ejec- 
‘tion fraction (EF) (mean + standard de- 
viation). 
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FIGURE 4. Unadjusted left ventricular 
volume data for treatment groups at 
baseline and 3 months. Numbers In col- 
umns refer to mean (standard error 
[SE]) ejection fraction (EF) (%). Vertical 
bars represent SE. EDVI = end-diastolic 
volume Index; ESVI = end-systolic vol- 
ume Index. 


were treated openly with captopril during the 
second year. Although partial late reversal of left 
ventricular dilation was achieved during the second 
year, the group did not achieve restoration to their 
baseline left ventricular function assessed 1 week 
following myocardial infarction. 

Patients in the early intervention study hac very 
similar baseline characteristics to those in our 
previous study,” although there were more ante- 
rior infarcts in that study. Ventricular dilaticn, as 
expected, was less 24-48 hours following myocar- 


Changes in EDVI (mi/m? 


FIGURE 5. Adjusted mean differences 
from baseline at 1 week, 1 and3 
months and after 48 hours withdrawal 
for the treatment groups for left ven- 
tricular end-diastolic volume index 
(EDVI; A) and left ventricular end-sys- 
tolic volume Index (ESVI; B). Values 
shown are means with 95% confidence 
Intervals. 
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dial infarction than at 1 week, but after 3 months, 
ventricular volumes in the placebo groups from the 
2 studies were similar. In assessing the benefit of 
early administration of captopril, comparison of 
the 2 studies shows that earlier treatment not only 
prevented the substantial ventricular dilation evi- 
dent at the time of entry in our previous study 1 
week postinfarction, and at 1 week in the placebo 
group in the early intervention study, but also 
improved ventricular function significantly from 
the earlier baseline. Thus, captopril treatment 


PLACEBO 


CA°?TOPRIL 


| 


CAPTOPRIL 


| 
48 Hour 
Withdrawal 


1 Week 1 Month 3 Months 


A SYMPOSIUM: VENTRICULAR REMODELING 67D 


E 
E£ 
> 
Y 
& 
N 
Q 
le) 
= 
o 
È 
O 


Changes in EF (%) 


Baseline 1 Week 1 Month 3 Months 


CAPTOPRIL 


FIGURE 6. Adjusted mean differences 
from baseline at 1 week, 1 and 3 
months and after 48 hours withdrawal 
for the treatment groups for stroke vol- 
ume Index (SVI; A) and ejection fraction 
(EF; B). Values shown are means with 
95% confidence intervals. 
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24-48 hours following infarction appears feasible 
and providss a definite advantage over later treat- 
ment. 

The comparative theoretical advantages and 
disadvantaz2s of immediate, early and delayed 
interventior with converting enzyme inhibition 
following myocardial infarction are shown in Fig- 
ure 8. A generalized nonselective treatment ap- 
proach at the time of admission can be compared 
with a more selective early or delayed strategy 
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based on the identification of patients with Q-wave 
infarction or significant left ventricular dilation 
and dysfunction. Following the initial phase of 
myocardial inzarct evolution and as ventricular 
remodeling progresses, the peripheral vasodilating 
effect of captopril is probably the predominant 
mechanism of improvement and in this respect 
preload and afterload reduction appear impor- 
tant.” Captopril may have a beneficial effect on the 
coronary circulation” and also direct effects on 
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FIGURE 7. Left ventricular end-diastolic 
and end-systolic volume Index (EDVI, 
ESVI) data for anterior and inferior in- 
farct subgroups at baseline and 3 
months. Numbers In columns refer to 
mean (standard error [SE]) ejection 
fraction (EF) (%). Vertical bars repre- 
sent SE. 
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FIGURE 8. Timing of Intervention with 
angiotensin-converting enzyme Inhibi- 
tion following myocardial Infarction 
(MD. LV = left ventricular. 
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FUTURE STUDIES 

While we have shown that early treatment of 
patients following myocardial infarction with ACE 
inhibition is feasible and provides an important 
ventricular function benefit during the first 3 
months, ideally further clinical studies are required 
with randomization at different times after mvocar- 
dial infarction to confirm the optimal timing of 
treatment. Similar treatment in combination with, 
or immediately after, thrombolysis is currently 
being assessed in other studies. Assessment of the 
comparative and possibly additive effects of ACE 
inhibition, nitrates, and B blockers in the postinfarc- 
tion period is also required. The results of larger 
studies are awaited to indicate the benefit of this 
type of treatment in terms of long-term heart 
failure prevention and survival. 
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Rationale, Design and Baseline Characteristics - 
of the Survival and Ventricular Enlargement Trial 


Lemuel A. Moyé, MD, PhD, Marc A. Pfeffer, MD, PhD, and Eugene Braunwald, mp, for the 
SAVE Investigators 


Heart failure, often associated with ventricular 
enlargement and recurrent myocardial infarction, 
is one of th2 major causes of postinfarction mor- 
tality. This ebservation suggests that measures 
used to prevent ventricular enlargement may im- 
prove postinfarction survival. The Survival and 
Ventricular Enlargement (SAVE) trial is a random- 
ized, double-blind, placebo-controlled clinical 
trial with th2 purpose of evaluating the effect of 
angiotensir-converting enzyme (ACE) inhibition 
on postinfaction death and ventricular dilation. 
This multicenter trial had a sample size goal of 
2,220 patie 1ts between 21 and 79 years of age 
who had recently sustained a myocardial infarc- 
tion and wh) have an ejection fraction deter- 
mined by radionuclide ventriculogram (RVG-EF) of 
< 40%. In addition to conventional therapy, pa- 
tients were randomly assigned to captopril or 
placebo therapy commencing within 3-16 days 
following th2ir myocardial infarction. A second 
RVG-EF is performed on all surviving participants 
at the end of the average 3.5-year treatment and 
follow-up period. The study has 90% power to de- 
tect a 25% inprovement in postinfarction mortal- 
ity or prevention of > 9 unit absolute reduction in 
radionuclide: ejection fraction. Additional end 
points, design features, and the administrative 
organization of the trial are described. 

(Am J Cardiol 1991;68:70D—79D) 
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heightened risk for subsequent cardiovascu- 

lar events, heart failure, recurrent MI and 
death. This risk can vary considerably and is a 
complex function of the severity of myocardial 
dysfunction, the severity of underlying coronary 
artery disease, the arrhythmia profile, the presence 
of concomitant disease and age. These factors all 
interact as determinants of clinical outcomes follow- 
ing MI. The degree of left ventricular dysfunction 
is often assessed by global ejection fraction, which 
is a major—perhaps the most important—determi- 
nant of most risk factor stratifications.'* Although 
left ventricular ejection fraction is an extremely 
powerful predictor of adverse outcome, quantita- 
tive measurements of left ventricular volume have 
provided even further discrimination with respect 
to postinfarction survival.’ The process of ventricu- 
lar enlargement can be detected in the early phases 
of MI by the echocardiograph as infarct expansion, 
a process characterized by elongation and thinning 
of the infarct-containing segment.>® However, 
lengthening of the noninfarct zone also contributes 
to the overall increase in ventricular size.’* The 
eventual volume of the infarcted ventricle has been 
shown to be related to the size of the infarct as 
assessed by the proportion of the ventricular silhou- 
ette, which is either akinetic or dyskinetic.*” Pa- 
tients manifesting this process are at heightened 
risk for the development of aneurysms, congestive 
heart failure, and fatal events. However, patients 
demonstrating early infarct expansion are also at 
risk for progressive and global ventricular enlarge- 
ment. 

Recent animal and clinical studies have demon- 
strated that the ventricular dilation that occurs 
following MI is related to the extent of myocardial 
damage” and that this enlargement, once present, 
may be progressive.” A cycle of progressive dila- 
tion leading ta further increases in systolic and 
diastolic wall stress, which in turn results in progres- 
sive left ventricular enlargement and dysfunction 
has been formulated. This pathophysiologic con- 


X urvivors of myocardial infarction (MI) are at 
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struct provided the basis for the initial animal 
studies in which the angiotensin-converting en- 
zyme (ACE) inhibitor captopril was administered 
chronically to rats following experimental infarc- 
tions in an attempt to reduce wall stress and 
attenuate ventricular enlargement following exper- 
imental MI. This progressive increase in ventricu- 
lar chamber size was, indeed, attenuated in this 
experimental model.” When continued for up to 1 
year, ACE inhibition both diminished the tendency 
to left ventricular enlargement and prolonged the 
survival of animals with experimental infarction.” 
It was shown that this reduction in left ventricular 
volume enlargement was a consequence of both 
reduced filling pressure (distension) and structural 
remodeling, i.e., a shift to the right of the pressure- 
volume curve with an increase in ventricular vol- 
ume at any distension pressure. These initial stud- 
ies confirmed that, for comparable degrees of 
histologically determined infarct size, this chronic 
administration of an ACE inhibitor is associated 
with smaller ventricular volumes and improved 
survival in an animal model. 

Applicability of these animal studies to patients 
was supported by trials specifically designed to 
determine which ACE inhibitor therapy would 
favorably alter the process of ventricular enlarge- 
ment following MI.“ Since the specific end point 
of each of these trials was ventricular size, these 
trials were not designed with sufficient statistical 
power to address clinical events. Given the impor- 
tance of ventricular enlargement and function on 
the overall prognosis following MI, an hypothesis 
that ACE inhibition therapy would be effective in 
improving survival and reducing left ventricular 
dysfunction and cardiovascular morbidity in myo- 
cardial infarct survivors with left ventricular dys- 
function was constructed. 


OBJECTIVES, DESIGN, AND ORGANIZATION 
Objectives: The primary objective of the SAVE 
trial is to assess whether treatment with captopril 
will improve survival without marked deterioration 
of left ventricular performance of patients who 
have recovered from an acute MI. The prospec- 
tively specified, primary study end point is a com- 
bined measure of mortality and survival with > 9% 
reduction in left ventricular ejection fraction. The 
secondary end points of SAVE are to evaluate the 
effects of captopril on total mortality; cardiovascu- 
lar mortality and cause-specific mortality; fre- 
quency of decline in left ventricular function as 
measured by radionuclide angiography; develop- 
ment of congestive heart failure, severe enough to 





TABLE 1 SAVE Major Inclusion and Exclusion Criteria 


Inclusion 

Men and women 21 to 79 years of age 

Confirmed acute myocardial infarction between 3 and 16 days preced- 
ing randomization 

Radionuclide left ventricular ejection of < 40% 

Exclusion 

Women of childbearing potential unless contraception ts used 

Patients with contraindication to captopril 

Patients with congestive heart failure despite treatment with digitalis 
and diuretics who require vasodilator therapy prior to randomization 

Patients with any of the following 
Serum creatinine > 2.5 mg/dl 
Malignancy thought to reduce survival or requiring radiat:on therapy 
Hypertension requiring vasodilator therapy at the time of screening 
Severe valvular heart disease likely to require a surgical procedure 
Other conditions thought to limit survival 
Psychologic disorder making the patient unsuitable for a clinical trial 
Participation in another investigational drug trial 
Clinical ischemia with no corrective procedure 
Prior to the scheduled time of randomization 
Ischemia or hypotension following the test done of captopril 
Unwilling to consent 


clinically require open-label ACE inhibition; sur- 
vival without the development of heart failure 
severe enough to require open-label ACE inhibi- 
tion; survival without the development of recurrent 
MI; survival without the development of either MI 
or a serious deterioration of left ventricular func- 
tion; survival without the development of either MI 
or heart failure severe enough to require open- 
label ACE inhibition; survival without the develop- 
ment of either MI or heart failure severe enough to 
require open-label ACE inhibition or a serious 
deterioration of left ventricular function; hospital- 
ization requirement for congestive heart failure; 
and hospitalization requirement for cardiovascular 
events. The SAVE study is also evaluating the 
possible adverse effects of chronic captopril ther- 
apy. In the placebo cohort, the time-dependent 
development of symptomatic heart failure requir- 
ing adjustments to diuretics or digitalis therapy and 
in more refractory cases, open-label ACE inhibi- 
tion will be examined. 

Design: SAVE is a multicenter, double-blind, 
placebo-controlled clinical trial conducted in 45 
centers in the United States and Canada. Men and 
women aged 21-79 who recently sustained a MI 
with resultant left ventricular ejection fractions 
<40% have been recruited into 1 of 2 treatment 
arms within 3-16 days of the index MI. Inclusion 
and exclusion criteria are as listed in Table I. These 
patients are being followed for an average of 3.5 
years (minimum 2-year follow-up). 

The change in radionuclide ventricular ejection 
fraction (RVG-EF) chosen as a component of the 
primary end point of SAVE was selected as an 
objective measure that is anticipated to occur 
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infrequently but, when present, is deemed to be of 
major clin:zal significance. Before any final 
RVG-EF examinations were obtained, an explor- 
atory analyss was undertaken of the baseline 
RVG-EF studies to determine the variability of the 
RVG-EF mzasurement. The reproducibility of the 
RVG-EF wes obtained by determining the stan- 
dard deviation of the difference (interpretation 1 
vs 2) of >20 baseline RVG-EFs taken at this 
center. This measurement suggested that a change 
of 9 percenzage points in the RVG-EF would 
signify a decrease in RVG-EF, which was unlikely 
to be due ta chance alone. In addition, observa- 
tions of repect RVG-EF determinations confirmed 
that patients with ejection fraction deteriorations 
> 9% were Experiencing an increased risk of death, 
making this nagnitude of deterioration clinically 
relevant. This, the occurrence of this uncommon 
RVG-EF event, which was evidence of marked 
deterioration in left ventricular function, was likely 
to be of clinical importance with a longer duration 
of patient follow-up. After review of this interim 
data but before any terminal RVG-EFs were 
obtained at tle study’s end, the decision was made 
to set the minimum change in RVG-EF as a 
deterioration of > 9 units for the component of the 
primary end point in a patient surviving to the end 
of the trial. 

A goal o7 2,220 randomized participants was 
accepted as the recruitment goal for SAVE. This 
number was zased on the following assumptions as 
to the size of -he sample: 

1. The primary end point is either death from 
any cause or survival and a >9 unit reduction in 
ejection fract:on as determined by RVG-EF. 

2. The average follow-up time for patients in 
the study is 3.5 years. 

3. The efficacy, uncorrected for patients who 
change therapy group, is 25%. 

4. The curulative mortality rate for the SAVE 
placebo group is 20%. 

5. The overall percentage of surviving patients 
experiencing a reduction (in ejection fraction) of 
> 9 units is 9% in the placebo group. 

6. The projected yearly dropout rate for pa- 
tients who a72 initially assigned to active therapy 
but in whom the active medication is discontinued 
is 17% the fit year, 9% the second year, and 7% 
the third year 

7. The pro ected yearly drop-in rate for patients 
who are initiz_ly assigned to placebo therapy but go 
on active open-label therapy is 9% for the first 
year, 7% for tae second year, and 5% for the third 
year. 


8. In a 2-tailed test of significance, the maxi- 
mum type I error is 0.05, and the power for a 
Statistical test on the primary end point of SAVE is 
90%. 

Treatment program: SAVE participants were 
randomized in equal numbers and in a double- 
blind manner to either captopril or placebo. The 
randomization process was stratified by age (> 70 
years) and ejection fraction (< 20%), guaranteeing 
that the small subset of patients at the highest risk 
for reduced survival were allocated evenly between 
therapy groups. In addition, randomization was 
also stratified for participating centers. 

Prior to randomization, all eligible and consent- 
ing patients were given a test dose of open-label 
captopril 6.25 mg orally. If this initial dose was well 
tolerated and not associated with significant ortho- 
static or ischemic symptoms, the patient was ran- 
domized to receive either captopril or placebo 
therapy in a double-blind fashion. The initial dose 
of blinded study drug was 12.5 mg. However, in 
patients with marked but asymptomatic reduction 
in pressure with the initial test dose, the patient 
was allowed to receive 6.25 mg of the blinded 
therapy as the initial postrandomization dose. The 
study medication was then advanced as tolerated 
to a maximum of 50 mg 3 times daily. 

Patients were first scheduled for follow-up exam- 
inations 2 weeks after randomization. Subsequent 
follow-up visits are every 3 months during the first 
year and every 4 months thereafter. At each visit, a 
history and physical examination, including func- 
tional capacity, are obtained. Interim clinical events 
since the last visit are elicited and recorded on 
study forms. In addition, possible adverse reactions 
are recorded. The evaluation of compliance to 
medication is ascertained through the use of pill 
counts. 

Although physicians are encouraged to use 
other therapy modalities for the treatment of 
congestive heart failure, they had the option of 
using open-label captopril for patients not respond- 
ing to conventional therapy. When this option was 
chosen, the Clinical Coordinating Center was noti- 
fied and confirmed that the treating physician 
believed the patient required ACE inhibition for 
congestive heart failure that was refractory to 
diuretics and/or digitalis. 

Echocardiographic substudy: An important issue 
in SAVE is whether there is a change in left 
ventricular size following infarction, and if this 
change can be modified by the use of captopril. In 
order to examine this issue, 773 patients random- 
ized to SAVE agreed to participate in this substudy 
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and had a baseline echocardiogram. On these 
studies, 5 views were obtained. Echocardiographic 
images were accepted only if there were at least 3 
technically acceptable views, including 21 views 
examining the left ventricular short axis (mitral 
valve, high papillary muscle, and low papillary 
muscle levels) and the long axis (apical 4-chamber 
view and apical 2-chamber view). The data ob- 
tained in each of these analyses were reviewed for 
quality in the SAVE Echocardiogram Core Labora- 
tory. On completion of this quality review, 512 of 
the 773 patients had baseline studies that were 
deemed technically acceptable. These patients re- 
ceive repeat echocardiograms at 3 months, 1 year 
and 2 years postrandomization. These measures 
include left ventricular end-systolic and end- 
diastolic areas as well as contractile and noncontrac- 
tile perimeters. Previous work has suggested that 
the extent of akinesis and dyskinesis at the baseline 
evaluation is an important covariate to correct for 
in the analysis of volume changes over time. Thus, 
it will be possible to present the results of the 
longitudinal echocardiographic analysis stratified 
by the extent of akinesis plus dyskinesis at baseline. 

Administrative organization: The participating 
units of the trial—45 Clinical Centers, a Clinical 
Coordinating Center, a Data Coordinating Center, 
a RVG quality control laboratory, an electrocardio- 
graphic coding laboratory, and the Sponsor—are 
administratively linked via the study’s principal 
investigator to encourage effective communication 
and to maintain the smooth operation of the trial. 
Each of the units was involved in the planning and 
development phase of the trial and contributed to 
the writing of the SAVE protocol and Manual of 
Operations. 

A Steering Commiitee, composed of the SAVE 
Principal Investigators of each of the clinical cen- 
ters, is the decision-making apparatus for the 
scientific and technical conduct of the study. The 
clinical centers have randomized the participants 
and are the units that dispense study medication. 
They record the regularly scheduled follow-up 
visits with the patients and complete the study 
forms that are forwarded to the Data Coordinating 
Center. 

A Data and Safety Monitoring Committee is 
composed of scientists who are experts in clinical 
cardiology and biostatistics. This committee period- 
ically reviews and evaluates study progress, includ- 
ing recruitment data, quality control, adverse ef- 
fects of medication, and fatal and nonfatal events. 
The Data and Safety Monitoring Committee makes 
recommendations, as appropriate, regarding the 


safe conduct and continuation of the study. This 
Board has been guided in decisions involving the 
possible early termination of SAVE by statistical 
monitoring rules based on stochastic curtailment 
principles,'”"* 

The Clinical Coordinating Center is responsible 
for protocol modifications, financial disburse- 
ments, and monitoring clinical care decisions re- 
garding adverse events. Each of the clinical units 
notifies the Clinical Coordinating Center when, 
based on the patient’s clinical history and lack of 
response to nonvasodilator therapy for congestive 
heart failure, they believe their patient requires 
open-label captopril therapy. However, the Clini- 
cal Coordinating Center receives no information 
with respect to therapy group assignments. The 
Principal Investigator is involved in monitoring the 
trial’s execution. He reports to the Data and Safety 
Monitoring Committee and the Steering Commit- 
tees and receives only blinded interim analyses. 

The Data Coordinating Center is responsible 
for performing the actual randomization of pa- 
tients to SAVE. It receives all study forms, moni- 
tors the compliance of each of the clinical units 
with the protocol, and maintains the integrity of 
the data base. Unblinded information is presented 
by the Data Coordinating Center to the SAVE 
Data and Safety Monitoring Committee. In the 
rare event that a patient’s clinical center is to be 
unblinded, the Data Coordinating Center, after 
investigation of the surrounding circumstances, 
informs the patient’s physician of the therapy 
group assignment. Neither the Clinical Coordinat- 
ing Center, study physician, nor the patient are 
given this information. 

The Sponsor is informed of all logistical opera- 
tions of the trial and attends the regularly sched- 
uled Steering Committee meetings. The Sponsor 
has direct responsibility for the disbursement of 
study medication and study forms. The Sponsor 
receives information on the occurrence of serious 
adverse drug reactions but does not receive infor- 
mation about the identity of the patient’s study 
medication unless there is a specific requirement 
by the government regulatory agencies, which is a 
rare event. The Sponsor does not attend the 
meetings of the Data and Safety Monitoring Com- 
mittee. Therefore, the Sponsor has no knowledge 
of either therapy assignment or blinded results. 

During the course of the trial the Clinical and 
Data Coordinating Centers jointly monitor the 
performance of the clinical centers and issues of 
protocol adherence are adjudicated by both coordi- 
nating centers in frequent telephone contacts. In 
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addition, there are monthly conference calls be- 
tween the Zhairman of the Steering Committee, 
the Clinical Coordinating Center, the Data Coordi- 
nating Certer, and the Sponsor during which 
operational and logistical issues of the trial are 
discussed. Reports are presented by the Data 
Coordinating Center and Clinical Coordinating 
Center to all center Principal Investigators and 
Sponsor du~ing Steering Committee meetings held 
3 times a year. 

The Ele:trocardiogram Core laboratory is re- 
sponsible fr reviewing the baseline electrocardio- 
grams of al SAVE participants and documenting 
this compenent of a myocardial infarction. This 
core unit also annually reviews required repeat 
electrocarc:ograms to detect clinically unreported 
recurrent ronfatal MI. Reports of nonfatal infarc- 
tions are confirmed by this core facility after 
correlating zhe clinical history, electrocardiogram, 
and enzyme criteria for recurrent MI. 

The SAYE RVG Core laboratory overviewed 
the RVG of all patients selected by the Data 
Coordinatizg Center at baseline, permitting an 
assessment of RVG quality and confirming the 
presence of a low ejection fraction. It is also the 
responsibil -y of the RVG Core unit to review the 
final RVG of a subset of all participants after the 
RVG-EF hzs been evaluated by the clinical center. 

The Ance llary Trials and Publications Commit- 
tee reviews. all applications for additional research 
involving SAVE study participants. Funding for 
the ancilla~y trials was established to foster re- 
search central to the clinical hypothesis of SAVE. 
Each of the SAVE investigators has the opportu- 
nity to participate in these ancillary studies. Approx- 
imately 15% of the total funds for SAVE, set aside 
for these additional research efforts, are allocated 
to projects approved by a committee of the investi- 
gators. In addition to the echocardiographic compo- 
nent, the major ancillary trials involve analyses of 
neurohorm=nes, exercise tolerance, quality of life, 
ambulatory nonitoring of electrocardiograms, and 
cardiac cath=terization in the core laboratory. 

An Endpoint Review Committee was assembled 
from the SAVE investigators in order to standard- 
ize the determination of end points in SAVE. This 
committee reviews the fatal end points that have 
occurred im the trial after documentation and 
verification >f death has been assembled by the 
SAVE Data Coordinating Center. The committee 
codes the underlying cause of death as being one of 
the followirs: 

è Athersclerotic heart disease 

Left veatricular dysfunction 


Acute mvocardial infarction 
Unwitnessed death 
Cardiac procedure 
Heart transplant 
Uncertain 
Other 
è Atherosclerotic vascular disease (excluding 
coronary artery disease) 
@ Nonatherosclerotic vascular disease 
e Traumatic 
© Cancer 
® Other 
@ Unknown 
The Endpoint Review Committee also attempts to 
identify the clinical status of the patient prior to 
death (e.g., reviewing New York Heart Association 
classification and Goldman classification), deter- 
mining if the patient had experienced either isch- 
emic or heart failure episodes after their random- 
ization prior to their death, Results of these coding 
sessions are reported to théSAVE Data and Safety 
Monitoring Committee in its semiannual report. 


THE SAVE EXPERIENCE 

Screening: Screening for SAVE commenced in 
January 1987 and was completed in January 1990. 
This process revolved around the continued surveil- 
lance of SAVE clinical center intensive care and 
coronary care units, an examination undertaken by 
45 clinical centers and their 112 satellite facilities 
in the United States and Canada. Only patients in 
the early (3-16 days postinfarction) convalescent 
period of MI were considered. A SAVE MI was 
considered to have occurred if the patient experi- 
enced either (1) acute changes in an electrocardio- 
gram (Q or QS finding plus ST elevation and/or 
T-wave inversion plus absence of left bundle branch 
block or Wolff-Parkinson-White syndrome) ob- 
tained shortly after the infarction with the atten- 
dant clinical symptoms and elevation in myocardial 
enzymes or (2) the presence of changes in Q waves 
on serial electrocardiograms demonstrated an MI 
had occurred or (3) the patient had an elevation of 
myocardial enzymes that were twice as high as 
normal levels and typical symptoms of a MI were 
present. The patients were then evaluated for 
SAVE inclusion and exclusion criteria (Table I). 
The patients who were not excluded then had their 
RVG-EF measured. Objective evidence of left 
ventricular dysfunction was defined as a resting 
RVG demonstrating a RVG-EF of < 40%. 

The SAVE screening experience is summarized 
in Table II. Between 1987 and 1990, 95,856 coro- 
nary care unit patients were screened, of which 
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36,630 (38.2%) sustained an MI based on the 
attending physician’s judgment. Of these, 31,010 
survived the initial 72 hours in the hospital and 
were age eligible. Of these 31,010 patients, 18,935 
(61.1%) had ejection fractions > 40% (as deter- 
mined by either clinical assessment, nuclear, 
echocardiographic, or contrast ventriculography), 
and 575 patients (1.9%) did not meet the SAVE 
criteria for MI and were excluded. There were 
2,562 patients (8.3%) who could not be random- 
ized during the 16-day window. The exclusion 
reasons for 4,873 patients of the remaining 8,938 
are provided in Table II. There were 4,065 patients 
who had a SAVE-eligible MI, did not have any 
specific exclusion criteria, and had a nuclear ejec- 
tion fraction of <40%. Of these, 1,178 were 
already on an ACE inhibitor although this was not 
required for management of clinical congestive 
heart failure. In 367 patients, ischemia was either 
manifested clinically or by exercise testing and an 
evaluation was not pursued within the 16-day 
window for randomization. There were 270 pa- 
tients who did not consent to participate in the 
trial. All consenting patients were required to 
receive a test dose of open-label captopril (6.25 
mg). Nineteen patients were excluded because of 
either orthostatic or ischemic symptoms attributed 
to administration of study medication. This left 
2,231 patients for randomization into the trial. 

The randomization procedure began with a 
telephone call to the SAVE Data Coorcinating 
Center. During the ensuing conversation, the clini- 
cal center relayed the demographic and clinical 
characteristics of the patient being randomized. 
The patient’s age, elapsed time since the MI, 
RVG-EF, potential exclusion criteria, and the 
patient’s tolerance to the test dose were reviewed. 
In addition, the clinical center provided assurance 
that the patient is not in clinical congestive heart 
failure at the time of randomization. After the 
Data Coordinating Center agreed that the patient 
had satisfied all entry criteria for SAVE, the 
patient was assigned a randomization number 
based on a random number generator implement- 
ing a variable block-size feature. The randomiza- 
tion number was then used by the clinical centers, 
core laboratories, and coordinating centers in iden- 
tifying this patient. 

Baseline findings: A summary of the baseline 
findings of randomized participants is included in 
Table III]. The average age of the randomized 
-cohort was 59.4 years. More than 82% of the 
cohort were male, and 89.3% were white. The 
mean baseline RVG-EF was 31.0%, and, on aver- 


TABLE fl Screening Experience of SAVE 


January 27, 1987—January 31, 1990 

95,856 Coronary care unit admissions screened 

~» 59,226 no clinical Mi 

Clinical Mi 

-> 5,620 

Clinical MI 

Survived initial 72 hours 

Age eligible (21—79) 

— 18,935 EF assessed as > 40% 

—> 575 no SAVE MI 

— 2,562 > 16 days after MI 

SAVE Exclusions (4,873) 

— 25 women of childbearing potential 

— 64 previous hypersensitivity to 
captopril 

neutropenia 

systemic lupus erythematosus 
or scleroderma 

serum creatinine > 2.5 mg/dl 

congestive heart failure requiring 
vasodilation 

hypertension requiring vasodilator 
therapy 

other illness precludes patient 
involvement 

unstable postmyocardiei function 
course 

patient unwilling or unable to 
participate (psychologic dis- 
order, history of poor compli- 
ance, geographic distance 
precludes involvement, patient’ 
involved in other clinical trials) 

excluded for other reason 

death during screening 


36,630 
death or age ineligible 
31,010 


~» 10 
~» 35 


~» 702 
~» 635 


— 104 
— 911 
— 294 


—> 1,750 


-> 125 

-> 218 

No exclusions 
— 1,178 

-> 367 


already on ACE inhibition 

ischemia not evaluated within 
16 days 

nonconsenting 

orthostasis or ischemia after 
test dose 


— 270 
+19 


Randomized to SAVE 


ACE = angiotensin-converting enzyme; EF = ejection fraction; M = myocardial 
infarction; SAVE = Survival and Ventricular Enlargement. 





age, 11 days elapsed between the SAVE MI and 
randomization. Between the index MI and random- 
ization, 32.7% received thrombolytic therapy, 55.2% 
of the cohort had cardiac catheterization, 17% 
underwent percutaneous coronary angioplasty, and 
9.1% had coronary artery bypass surgery. 
Follow-up procedures: Follow-up visits serve 
both to secure consistent health care delivery, 
accomplish surveillance of trial end points, and to 
both enhance and monitor compliance to study 
medication. Patients were evaluated at 2 weeks 
and 3 months postrandomization, and then every 3 
months during the first year of follow-up. Thereaf- 
ter, visits are scheduled at 4-month intervals until 
the completion of the study. The evaluation at 
these visits includes a history and physical examina- 
tion, assessment of functional capacity, determina- 
tion of the occurrence of heart failure or cardiovas- 
cular complications, and the occurrence of adverse 
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TABLE IH Bazeline Characteristics of the SAVE Cohort 


Population 
(n = 2,231) 


59.4 (SD = 10.6) 


Characteristic 


Mean age (yrs) 
Gender (%) 
Male 
Female 
Race (%) 
White 89,3 
Black 5.6 
Other 5.0 
SAVE MI criteri %) 
Symptoms, Ea, and enzymes 78.4 
ECG alone 2.1 
Symptoms ant enzymes 19.5 
Mean LV ejectio fraction 31.0 (SD = 6.7) 
Mean number ot slays between Mi and 10.9 (SD = 3.3) 
randomizatior 
Highest educaticcal level (%) 
Less than higt school 
High school gæduate, not college graduate 
College gradua= 
Postgraduate 
History of diabet=s (%) 
Family history of Leart disease (%) 
History of hypertxsion (%) 
History of chron--CHF (%) 
Significant valvu = disease 
Other cardiac disease 
Procedures between SAVE MI and randomization 
Cardiac cathetEization (%) 
PTCA (%) 
Coronary throrolysis (%) 
CABG 
CABG = coronar“ arte 


electrocardiogram; Le = left ventricular; MI = myocardial infarction; PTCA percutane- 
ous transluminal corseary angioplasty; SAVE = Survival and Ventricular Enlargement. 


82.5 
17.5 


36.7 


bypass graft; CHF = congestive heart failure; ECG = 





drug reactions. In addition, counseling for reduc- 
tion of cardiac risk factors occurs at each visit. At 
each evaluat on, intervening illnesses, surgical op- 
erations, and alterations in the medical regimen 
are noted. O7 all visits titration of the study drug is 
considered urtil the target dose of 150 mg daily is 
achieved. Pe:ients are instructed to return all 
unused med:cations, and pill counts are used to 
assess patient compliance. Postrandomization lab- 
oratory evalu=tions include a complete blood count, 
blood urea nizrogen, creatinine, and serum potas- 
sium at the 2--veek visit and at yearly intervals. 

A repeat determination of left ventricular ejec- 
tion fraction ising the same RVG-EF technique 
utilized durizg the SAVE screening process is 
performed a: the termination of the study. This 
terminal RV‘s-EF is being obtained after the 
patient’s study medication has been discontinued 
for 48 hours. In patients who develop symptomatic 
heart failure -2quiring ACE inhibitor therapy prior 
to the study’s completion, an additional RVG-EF 
was requested prior to administration of open- 
label therapy. In order to ensure a high quality 
RVG, a signitizant fraction of the acute RVG-EF’s 


were overread. In circumstances of multiple RVG- 
EFs obtained during the course of the follow-up 
period, only the last RVG-EF will be used in the 
assessment of the primary end point of SAVE. The 
timing of the last RVG-EF depends on the length 
of time patients have been in the study. Patients 
who were randomized in 1987 are to have their 
terminal RVG-EFs measured starting April 1991, 
whereas patients randomized in 1988 and 1989 are 
scheduled for their terminal RVG-EF commenc- 
ing in the summer and fall of 1991, respectively. 

Adherence: It was recognized from the initial 
planning phase of SAVE that maintaining the 
success of this major endeavor would be heavily 
dependent on the ability of the clinical centers to 
carry out the SAVE protocol successfully. To that 
end, the Clinical and Data Coordinating Centers 
have worked jointly to develop measuring devices 
to monitor the abilities of the clinical centers to 
maintain the randomized participants on study 
medications. These procedures begin with the 
creation and dissemination to the clinical centers 
from the Data Coordinating Center of a list of 
patients who fall in each of the following catego- 
ries: (1) off study medication; (2) patients who are 
on study medication but not at target dose; (3) 
patients with delinquent follow-up forms; and (4) 
patients who have died but whose documentation 
is incomplete. 

Each month, the Clinical Coordinating Center 
and Data Coordinating Center jointly review the 
progress of the clinical centers in minimizing the 
number of randomized participants off study medi- 
cation, those participants on study medication but 
not at target dose, and those patients whose 
follow-up forms are delinquent. After this review, 
letters are sent from the Data Coordinating Center 
to those centers at which a special effort is believed 
to be required to improve performance with regard 
to these measures. 

Statistical methodology: A number of dif- 
ferent statistical procedures have been utilized to 
examine the many different issues raised by the 
SAVE study. Chi-square statistics and 2-sample 
t-tests have been used to evaluate differences in 
baseline characteristics between the placebo and 
treatment groups. 

To evaluate the importance of differences be- 
tween the curves for mortality and each of the 
specified clinical end points of the two groups, Cox 
proportional hazard models will be used. This 
procedure allows the time until death to be consid- 
ered in evaluating the difference between survival 
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curves. In addition, this method permits the evalu- 
ation of the effect of treatment after taking into 
account the influences of baseline characteristics 
such as age, ejection fraction, gender, history of 
prior myocardial infarction, and cardiac proce- 
dures prior to randomization. 

Proposed analysis of the primary end point: The 
primary end point of SAVE is the occurrence of 
either death or survival and a > 9 unit reduction in 
ejection fraction as determined by RVG-EF. The 
analysis of this event will consider the time to the 
patient’s death or the time until a change in 
RVG-EF 29 for patients who survive. Every 
patient randomized to the study has a radionuclide 
ventriculogram during their initial examination for 
trial suitability (baseline RVG-EF). If a patient 
dies during the follow-up period of the trial, that 
participant's primary end point is considered to 
_ have occurred, and his time to death examined. In 
addition, all survivors will have an RVG-EF per- 
formed at the study’s end (terminal RVG-EF). If 
this terminal RVG-EF has deteriorated by >9 
units (baseline RVG-EF minus the terminal 
RVG-EF is 29, i.e., ARVG-EF 29), an end point 
has occurred. A statistical analysis based on that of 
Gehan” will simultaneously consider both mortal- 
ity information and data from the RVG-EF compo- 
nent of the combined end point, providing for 
maximum power to test the clinical hypothesis of 
SAVE. 


SUMMARY 

An important cause of death in the post-MI 
population is congestive heart failure, a major 
sequela of the infarction process. Whether pharma- 
cologic treatment with an ACE inhibitor will re- 
duce the occurrence of postinfarction congestive 
heart failure and therefore improve survival is 
unknown. The results of SAVE are expected to be 
available in 1992, providing an average follow-up 
period of 3.5 years, and 7,742 patient-years of 
postinfarction survival information. This repository 
of patient experience may help in the identification 
of a pharmacologic regimen that will result in 
improved survival following MI. 
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Activation of Neurohumoral Systems Following - 
Acute Myocardial Infarction 
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Previous staciies have indicated that patients 
with an acute myocardial infarction have marked 
activation of all neurohumoral systems on admis- 
sion to the h dspital. This activation begins to sub- 
side within the first 72 hours so that by 7-10 
days, all placma neurohormones have returned to 
normal. The enly documented exceptions were 
found to oceur in patients with left ventricular 
dysfunction and overt heart failure, where both 
plasma renir activity and atrial natriuretic pep- 
tide were increased, and in patients with left ven- 
tricular dysianction but no overt heart failure, 
where only atrial natriuretic peptide was in- 
creased. Although these studies suggest that 
neurohumoral activation rarely occurs at the time 
of hospital c=scharge, they were small and may 
have missed .an important subgroup of patients 
with persistent neurohumoral activation. In the 
Survival and Ventricular Enlargement (SAVE) 
study, 522 patients had plasma neurohumoral 
levels measired at a mean of 12 days postinfarc- 
tion. All SAVE patients had left ventricular dys- 
function (lefi ventricular ejection fraction < 40%), 
but no overt heart failure. In this group of pa- 
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tients, all neurchumoral levels (plasma renin ac- 
tivity, norepinephrine, arginine vasopressin, and 
atrial natriuretic peptide) were found to be in- 
creased compared with age-matched control sub- 
jects. These results indicate that, in fact, a sub- 
group of patients without overt heart failure has 
persistent neurohumoral activation at the time of 
hospital discharge postinfarction, and that this 
activation involves several neurohumoral sys- 
tems. Since patients with persistent neurohu- 
moral activation pestinfarction are likely those 
most at risk of developing complications and the 
ones most likely to benefit from pharmacologic 
interventions biunting the effects of neurohu- 
moral activation, measurement of predischarge 
neurohumoral levels may be useful. 

(Am J Cardiol 1$91;68:80D-—86D) 


been shown to have marked neurohumoral 

activation.” During the first 72 hours postin- 
farction, virtually all measured neurohumoral lev- 
els are increased, and in some cases to very high 
levels (Figures 1, 2, 3 and 4). Although all neurohu- 
moral systems are activated, the extent and pattern 
with which each system is activated varies widely. 
Later, neurohumoral activation subsides so that by 
7-10 days, circulating neurohumoral levels have 
returned to normal in the majority of pa- 
tients. 14821223327 The only exceptions are patients 
with overt heart failure in whom chronic activation 
of the renin—angiotensin system and atrial natriure- 
tric peptide have been shown to occur, and patients 
with left ventricular dysfunction without overt 
heart failure, in whom atrial natriuretic peptide is 
increased.'****”’ Patients with cardiogenic shock 
have activation of all neurohumoral systems, includ- 
ing the sympathetic nervous system.*” 


P atients with acute myocardial infarction have 
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Norepl- 
nephrine 


FIGURE 1. Summary of studies evaluat- (pg/mi) 


Ing plasma norepinephrine levels 
postinfarction. Normal values 
(mean + standard deviation of age- 
matched controls) are Indicated by 
shaded area. LV = left ventricular. 


ACTIVATION OF SPECIFIC NEUROHUMORAL 
SYSTEMS 

Activation of the sympathetic nervous system 
occurs nearly immediately postinfarction." The 
extent to which it is activated has been related to 
infarct size and to the degree of left ventricular 
dysfunction. >P Nevertheless, increased circu- 
lating catecholamines have also been documented 
in patients with smaller myocardial infarctions and 
no evidence of left ventricular dysfunction.” Not 
surprisingly, patients with higher circulating cate- 
cholamines have been found to have a poorer 
prognosis.” What proportion of this is the 
result of increased catecholamines and what pro- 
portion is the result of left ventricular dysfunction 
remains to be determined. Certainly, studies docu- 


FIGURE 2. Summary of studies evaluat- 
ing plasma renin activity postinfarcilon. 
Normal values (mean + standard devia- 
tlon of age-matched controls) are indl- 
cated by shaded area. LV = left ventric- 
ular. 
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menting improved survival with the use of intrave- 
nous B blockers in acute myocardial infarction 
argue in favor of at least a partial direct deleterious 
effect of the catecholamines themselves.” Also, 
since intravenous B blockers are generally well 
tolerated, it would appear that this early increase 
in catecholamines is not frequently necessary to 
maintain adequate ventricular function. 

Gradually, over the following 10 days, activation 
of the sympathetic nervous system has been shown 
to subside even in patients with left ventricular 
dysfunction.’**”’ These results appear to be incon- 
sistent with studies showing improved survival 
when B blockers are started prior to hospital 
discharge. At least three possibilities exist to ex- 
plain this apparent discrepancy. First, because the 
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FIGURE 3. Sanmary of studies evaluating arginine vaso- 
pressin leveis postinfarction. Normal values 

(mean + stardard deviation of age-matched controls) are 
indicated by-shaded area. LV = left ventricular. 


number of patients with left ventricular dysfunc- 
tion in th=se studies was small, a subgroup of 
patients w` h a persistent increase in sympathetic 
tone may zave been missed. Such a subgroup of 
patients would be expected to benefit most from B 
blockers. I-is also possible that measuring circulat- 
ing catecho.amines at rest is an Inappropriate way 
of assessinz adrenergic function. Circulating nore- 
pinephrine is known to represent only a fraction of 
the norepitephrine released by nerve terminals” 
and resting norepinephrine values may miss signif- 
icant incresses during exercise. Or, alternatively, it 
may be that postinfarction patients are particularly 
sensitive tc an increase in adrenergic tone and that 
any bluntimz of the catecholaminergic stimulation 
is beneficie! to the patients. 

Activaticn of the renin—angiotensin system oc- 
curs early postinfarction in nearly all patients; 
however, its peak activation occurs somewhat later 
than that of catecholamines’**” (Figure 2). Ini- 
tially, activetion appears to occur only in patients 
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with left ventricular dysfunction. + However, by 72 
hours, nearly all patients have an increase in 
plasma renin activity, regardless of infarct size or 
ventricular function.’ The reason for this delay in 
peak activation is uncertain but may be related to 
suppression of renin release by high circulating 
vasopressin levels.” Plasma renin activity is 
thought to increase as a result of a combination of 
acute reduction of renal blood flow, increased 
renal nerve activity, increased sympathetic tone 
and, in the case of patients with heart failure, to the 
contraction of blood volume associated with the 
use of diuretics.” Increased plasma renin activity 
has also been found to be associated with increased 
postinfarction mortality.” Whether this associa- 
tion is the result of the direct effects of increased 
plasma renin activity itself, to its association with 
worse left veniricular function, or to the effects of 
simultaneously activated neurohumoral systems 
remains to be determined. 

As opposed to circulating catecholamines, when 
diuretics are used, plasma renin activity remains 
elevated until after hospital discharge.” When 
diuretics are not used, plasma renin activity gradu- 
ally returns to normal so that even patients with 
asymptomatic left ventricular dysfunction have nor- 
mal plasma renin activity at hospital discharge.” 
Nevertheless, when patients with left ventricular 
dysfunction not taking diuretics are further subclas- 
sified according to Killip class or more severe left 
ventricular dysfunction, there appears to be a 
difference in activation of the renin—angiotensin 
system.” Although both groups have plasma renin 
activities in the normal range, patients with a 
higher Killip class or worse ventricular function 
have higher plasma renin activities than patients 
with a lower Killip class or better ventricular 
function. Whether a subgroup of patients not 


FIGURE 4. Summary of studies evaluat- 
Ing atrial natriuretic peptide levels 
postinfarction. Normal values 

(mean + standard deviation of age- 
matched controls) are Indicated by 
shaded area. LV = left ventricular. 
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receiving diuretics actually has a long-term in- 
crease in plasma renin activity remains to be 
determined. However, results of animal” and clini- 
cal’”® studies indicating that angiotensin-convert- 
ing enzyme (ACE) inhibitors maintain ventricular 
function and prevent ventricular dilation postinfarc- 
tion are compatible with some kind of long-term 
activation of the renin—angiotensin system postin- 
farction. 

Plasma arginine vasopressin increases rapidly in 
all patients with acute myocardial infarction,” an 
increase that is thought to be at least partly the 
result of the use of narcotic analgesics” (Figure 
3). By 72 hours, circulating arginine vasopressin 
has generally been found to have returned to 
normal.’ Patients with heart failure are the excep- 
tion, arginine vasopressin values remaining ele- 
vated in these patients until 7-10 days postinfarc- 
tion.’ Why arginine vasopressin increases during 
the hyperacute postinfarction period is not known, 
but it may be related to the degree of activation of 
other neurohumoral systems, to hemodynamic and 
cardiac changes, and/or to the stress associated 
with the acute myocardial infarction.“ Increased 
arginine vasopressin levels have been correlated 
with a poorer survival,’ an effect that may be 
related to its deleterious myocardial or coronary 
vascular effects when present in high concentra- 
tions.”* High levels of arginine vasopressin have 
been shown to cause coronary vascular spasm, 
myocardial infarction, arrhythmias, and sudden 
death.“ Alternatively, the association between 
arginine vasopressin and survival may simply be the 
result of poorer left ventricular function or of the 
effects of other simultaneously activated neurohu- 
moral systems. In addition to being associated with 
a poorer survival, the antidiuretic effect of arginine 
vasopressin may also contribute to the hyponatre- 
mia,” fluid overload,” and pulmonary congestion 
of postinfarction patients. 

Atrial natriuretic peptide also increases acutely 
postinfarction’*”” (Figure 4). However, as op- 
posed to other measured neurohormones, it re- 
mains elevated in all patients with left ventricular 
dysfunction”? and this for at least 3 weeks 
postinfarction.”’ Increased atrial natriuretic pep- 
tide is presumably the result of increased ventricu- 
lar filling pressures and appears to be less marked 
when thrombolysis has been used.” Increased 
atrial natriuretic peptide synthesis postinfarction 
occurs not only in the atria, but also in the 
ventricle,” the increase in ventricular synthesis 
being largest in patients with extensive myocardial 
infarctions. 


THE SAVE EXPERIENCE 

The Survival and Ventricular Enlargement 
(SAVE) study is a randomized multicenter trial 
designed to evaluate the effects of the ACE inhibi- 
tor captopril on improving survival and reducing 
cardiovascular mortality and the incidence of a 
major deterioration in ejection fraction in survivors 
of acute myocardial infarction with baseline left 
ventricular dysfunction. Randomization into the 
SAVE study occurred between 3 and 16 days after 
the acute onset of myocardial infarction. In addi- 
tion to having the acute infarction, patients had to 
be >21 and <80 years of age and have a radionu- 
clide left ventricular ejection fraction of <40% to 
be eligible for inclusion in SAVE. Contraindica- 
tions to captopril and concurrent medical problems 
such as renal insufficiency (serum creatinine > 2.5 
mg/dl), severe valvular disease, refractory hyperten- 
sion, malignancy, or other conditions thought to 
limit survival were study exclusions. Patients clini- 
cally manifesting congestive heart failure despite 
treatment with digitalis and/or diuretics were also 
ineligible, as were patients with ischemic symptoms 
or with a markedly positive exercise test, unless 
cardiac catheterization and appropriate revascular- 
ization procedures were conducted prior to random- 
ization. Eligible patients were required to provide 
written, informed consent. 

The average age of these 522 patients was 60 + 
11 years; 428 patients were male and 94 were 
female. Their mean arterial pressure was 84 + 11 
mm Hg, their mean heart rate was 77 + 29 
beats/min, and their mean ejection fraction was 
31%. One third of the patients took diuretics, one 
third took digoxin, one third took B blockers, and 
one quarter took calcium antagonists. A group of 
38 normal, age-matched persons with no obvious 
illnesses or cardiac disease and taking no medica- 
tions were used as control subjects. 

Prior to randomization, after an overnight fast, 
and once the patient had been lying in a supine 
position for at least 30 minutes, circulating neuro- 
hormones (norepinephrine, plasma renin activity, 
atrial natriuretic peptide, and arginine vasopres- 
sin) were obtained through an indwelling catheter 
already in place for >30 minutes. This occurred a 
mean of 12 days postinfarction. Plasma neurohor- 
mones were measured according to metheds previ- 
ously described," 

In this large group of patients with left ventricu- 
lar dysfunction but no overt heart failure, a large 
number of patients were found to have an increase 
in circulating neurohumoral levels around the time 
of hospital discharge. Plasma norepinephrine (Fig- 
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ure 1), plasma renin activity (Figure 2), plasma 
arginine vasopressin (Figure 3), and atrial natri- 
uretic peptide (Figure 4) were all found to be 
increased. 


POTENTIAL SIGNIFICANCE OF SAVE RESULTS 

Persisten: neurohumoral activation postinfarc- 
tion would Eelp explain the beneficial effects of B 
blockers*” and ACE inhibitors” postinfarction. 
Beta blocke-s have been found to be particularly 
useful in ircproving survival in patients with left 
ventricular dysfunction postinfarction, even when 
they are started around the time of hospital dis- 
charge.” ACE inhibitors, for their part, have been 
found to be useful in preserving left ventricular 
function and geometry after large myocardial infarc- 
tion.” Their effects on survival are presently 
under investigation in the SAVE study. Neverthe- 
less, despite the generally beneficial effects of 
pharmacoicgic interventions that block the effects 
of neurohumoral activation, it remains to be deter- 
mined whetter patients with neurohumoral activa- 
tion are tho at highest risk of long-term complica- 
tions or even whether neurohumoral activation 
persists after hospital discharge. 

How neurohumoral activation in these patients 
compares wich that of patients with chronic asymp- 
tomatic or symptomatic heart failure is illustrated 
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in Figure 5. When compared to the Studies of Left 
Ventricular Dysfunction (SOLVD)” asymptomatic 
(prevention) group, SAVE patients had similar 
plasma norepinephrine values but higher plasma 
renin activity, arginine vasopressin, and atrial natri- 
uretic peptide. Compared with the SOLVD symp- 
tomatic (treatment) group, SAVE patients had 
lower plasma norepinephrine and renin activity, 
similar atrial natriuretic peptide, and greater argin- 
ine vasopressin levels. Thus, neurohumoral activa- 
tion in the SAVE patients was somewhere between 
that of the SOLVD asymptomatic and symptom- 
atic heart failure groups. 

In patients with chronic heart failure, neuro; 
humoral activation has been associated with a 
poorer prognosis.” ” Although never proven, there 
are a number of theoretical reasons to believe 


- that chronic neurohumoral activation may also be 


deleterious in postinfarction patients. Chronic acti- 
vation of the sympathetic nervous system can 
predispose to serious ventricular arrhythmias.” 
Postinfarction, a decrease in heart rate variability, 
a reflection of increased sympathetic and de- 
creased parasympathetic tone, is associated with a 
poorer prognosis,” and the use of B blockers 
decreases the incidence of sudden death in postin- 
farction patients.” Activation of the sympathetic 
nervous system, the renin—angiotensin system, and 
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FIGURE 5. Comparison between the Increase In neurohumoral levels of the SAVE patients and the SOLVD prevention 
{asymptomat-<) and treatment (symptomatic) groups. SAVE = Survival and Ventricular Enlargement; SOLVD = Studies 


of Left Ventricslar Dysfunction. 
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increased arginine vasopressin levels can contrib- 
ute to the development of worsening heart failure, 
and thus to a poorer prognosis,” by increasing 
afterload and preload.” Neurohumoral activa- 
tion can also lead to ventricular dilation and thus to 
a poorer prognosis.” Neurohumoral activation 
causes ventricular dilation by increasing preload 
and afterload, which can, of itself, contribute to the 
development of ventricular dilation.°-” Neurohu- 
moral activation may also lead to ventricular dila- 
tion by directly stimulating protein synthesis.” 

Thus, activation of all neurohumoral systems 
occurs during the hyperacute phase of a myocar- 
dial infarction. By hospital discharge, circulating 
neurohumoral levels have generally returned to 
normal. Nevertheless, in a subgroup of patients 
with left ventricular dysfunction but no overt heart 
failure, neurohumoral activation persists. What 
neurohumoral activation at this time means for the 
patient or even whether neurohumoral activation 
persists for any further period of time remains to 
be determined. However, there is reason to believe 
that neurohumoral activation at hospital discharge 
may identify patients with a worse prognosis and 
may be useful in identifying patients at most need 
of close follow-up and therapeutic interventions. 
These hypotheses are being tested by the follow-up 
portion of the SAVE study. 
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Fourth International Study of Infarct Survival: 
- Protocol for a Large Simple Study of the Effects 
of Oral Mononitrate, of Oral Captopril, and of 
Intravenous Magnesium 


ISIS-4 Collaborative Group 


The fundamental aim of the International Studies 
of Infarct Survival (ISIS) collaborative group is to 
assess reliably the balance of any benefits and 
risks for widely practicable treatments that might 
produce moderate but worthwhile mortality re- 


, ductions in patients with suspected acute myo- 


4 


cardial infarction. Substantial numbers of lives 
might be saved by such treatments, but benefits 
of the size that can realistically be expected may 
be reliably detected only by randomized trials 
involving some tens of thousands of patients. In 
order to recruit such numbers, ISIS involves al- 
most no extra work for collaborators: hence, 
busy general hospitals—where the majority of 
acute myocardial infarction patients are actually 
treated—can take pari easily. The ability of the 
ISIS trials to yield clear, reliable answers de- 
pends entirely on the collaboration of many doc- 
tors and nurses in the participating hospitals. For 
this reason, publication of the final results is in 
the names of all the collaborators. 

All patients, high risk as well as low risk, pre- 
senting within 24 hours of the onset of suspected 
acute myocardial infarction are eligible for 
ISIS-4, provided that the responsible physician 
does not initially consider there to be any clear 
indications for, or clear contraindications to, any 
one of the trial treatments—anitrate, angiotensin- 
converting enzyme inhibitor, or magnesium. Pa- 
tients are randomized between 1 month of oral 
controlled-release mononitrate or placebo; be- 
tween 1 month of oral captopril or placebo; and 
between 24 hours of intravenous magnesium or 
open control (i.e., no infusion). (Patients who are 
to be given intravenous or other non-trial nitrate 
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for just a few days can still be entered.) In this 
trial, 3 quite different treatments will each be 
evaluated. At first glance, this may appear to 
complicate the results, but in fact appropriate 
statistical analysis of this “factorial” design will 
allow all patients to contribute fully to assess- 
ment of the separate effects of each treatment 
(while also providing important information about 
the combined effects). Apart from giving the trial 
treatments, all other aspects of individual pa- 
tient management are left entirely to the respon- 
sible physician to decide. For example, previous 
trials in suspected acute myocardial infarction 
have shown that, for many categories of patients, 
antiplatelet and fibrinolytic therapy can save 
lives. Hence, most collaborating doctors will wish 
to give antiplatelet therapy routinely and to start 
fibrinolytic therapy in many of their patients be- 
fore randomizing them in ISIS-4. Some physicians 
may also wish to use certain other treatments 
(such as intravenous B blockers, anticoagulants) 
routinely in particular categories of patients. 
There are no restrictions on this in ISIS-4. Thus, 
ISIS-4 will provide good evidence about the ef- 
fects of adding the trial treatments to various 
standard treatments. By including many different 
types of patients from many different types of 
hospitals with a wide variation in ancillary man- 
agement (which is in any case unavoidable), the 
ISIS-4 results will be of direct clinical relevance 
to the heterogeneous realities of clinical practice 
worldwide. 

(Am J Cardiol 1991:68:87D—100D) 


r Nhe chief aim of the Fourth International 
Study of Infarct Survival (ISIS-4) is the 
reliable assessment of the separate and 

combined effects on vascular mortality of adding 3 


widely practicable treatments—1 month of oral 
controlled-release mononitrate (Indur), 1 month 
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of oral captopril (Capoten), and 24 hours of 
intravenous magnesium—to currently standard 
treatments for a wide range of types of patients 
(high risk as well as low risk) with definite or 
suspected acute myocardial infarction (MI). 


CHOICE OF TREATMENTS TO STUDY 

A practicable nitrate regimen: once-daily oral 
controllec-release mononitrate for one month: 
Nitrates max reduce myocardial workload during acute 
MI by reduaing peripheral resistance and blood pres- 
sure, and may increase myocardial perfusion.’” They 
have been sown, not only in experimental animals but 
also in clirkal studies, to limit infarct size and to 
improve le= ventricular function and remodeling.’ 

Only atout 3,000 acute MI patients have thus 
far been studied in randomized trials of nitrates, 
generally c short duration (i.e., just a few days). 
Individuall,, the mortality results from these trials 
are somevw at inconclusive, but an overview of 
them is promising, suggesting that mortality may 
have been seduced by about one third’ (Table I). 
Oral nitrates have been less widely studied than 
intravenous nitrates. Tablets are, however, simpler 
to give tham intravenous infusions, particularly if 
treatment = to be maintained beyond the first day 
or two. So, f 1 month of oral nitrate can be shown 
reliably by ISIS-4 to save lives, this might be used 
extensively m future practice. 

Especia_y when indicated for the relief of symp- 
toms, intrav=nous or other short-term nitrate use is 
already que widespread, and longer-term use of 
nitrates is row being considered. Continuous expo- 
sure to nitrates can, however, lead to a state of 
pharmacolozic tolerance that limits their clinical 
efficacy. In the present study, therefore, a once- 
daily regimen of a controlled-release formulation 
(Durules) c* isosorbide-5-mononitrate (Imdur) has 
been adopted that minimizes the development of 
tolerance,* perhaps because the plasma nitrate 
levels are low for a period overnight. Tolerance to 
nitrates ma, in part, involve reflex activation of the 
renin—angio-ensin system,’ in which case the combi- 
nation of a nitrate and an angiotensin-converting 
enzyme (ATE) inhibitor in ISIS-4 may be particu- 
larly effectL<. 

A practicable angiotensin-converting en- 
zyme inhibitor regimen: twice-daily oral capto- 
pril for one month: The renin—angiotensin system 
is activated n acute MI,° leading to stimulation of 
the heart ard to increased systemic and coronary 
vascular ressstance. As a result, myocardial oxygen 
requiremerts may be increased and supply de- 
creased, wh ch may lead to infarct extension. In- 





TABLE | Reductions in Mortality in an Overview of the Results 
of Previous Randomized Trials of Short-Term Nitrates in Acute 
Myocardial Infarction 


Apparent Reduction 
(% + SD) in Mortality 


35% x 10 
21% = 17 


31% +9 


Regirr.en (generally 
of short duration) 


Intravenous nitrates 
Oral nitrates 


Any nitrate 


creases in systemic vascular resistance may also 
increase myocardial wall stress, predisposing to 
aneurysm or to progressive ventricular dilation 
during the recovery phase following infarction. 
ACE inhibitors, such as captopril, might prevent 
some of these adverse effects.’ In animals, studies 
of ACE inhibitors in the acute phase of infarction 
provide some evidence that infarct size can be 
reduced, while continued use of an ACE inhibitor 
following experimental infarction has been shown ` 
to improve ejection fraction, ventricular remodel- 
ing and, possibly, survival.’ 

In patients, long-term use of ACE inhibitors has 
been shown to improve cardiac function substan- 
tially in chronic congestive cardiac failure’ and in 
the later recovery phase following myocardial in- 
farction."”"' Experience with ACE inhibitors in 
acute MI is more limited, but for several hundred 
patients in the pilot studies for ISIS-4’°™ and in 
other controlled studies,” oral captopril was well 
tolerated (even by high-risk patients, and by those 
receiving fibrinolytic therapy, nitrates, and magne- 
sium). Improvements in cardiac function were seen 
within 1 hour of starting treatment in the acute 
phase of infarction, and these benefits persisted 
after the end of treatment (Figure 1). ISIS-4 is 
designed to provide reliable information as to ’ 
whether the use of an ACE inhibitor during, and in 
the month just after, a suspected acute MI also 
improves survival. 

A practicable magnesium regimen: 24-hour 
intravenous infusion of magnesium sulfate: In- 
creasing serum magnesium levels in experimental 
infarction can prevent myocardial damage, per- 
haps by inhibiting calcium influx into ischemic 
myocardial cells and by reducing coronary artery 
tone. Infusions of magnesium in animal studies 
have also been shown to increase the threshold for 
electrical excitation of myocardial cells, thereby 
reducing the likelihood that injury currents near 
ischemic or infarcted tissue lead to cardiac arrhyth- 
mias."° Elevation of serum magnesium in humans 
reduces peripheral vascular resistance and in- 
creases cardiac output without any corresponding 
increase in cardiac work. Thus, magnesium infu- 
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sions started early after the onset of myocardial 
ischemia may limit infarct size, prevent serious 
arrhythmias, and reduce mortality. 

Contraindications, if any, to magnesium infu- 
sions are few, and treatment regimens that can 
produce an approximate doubling in serum magne- 
sium levels are simple to administer (i.e., an initial 
short “bolus” infusion followed by a longer 
“maintenance” infusion) and apparently safe. The 
only common adverse effects are a feeling of 
warmth and some tingling and flushing of the skin, 
particularly if the initial bolus infusion is given too 
rapidly (1.e., over less than 10-15 minutes). Collec- 
tively, the first few randomized trials of magnesium 
infusion in acute MI indicate quite a large mortal- 
ity reduction (Table II)."’ However, the total num- 
ber of patients studied in those trials is small, so 
this result cannot be considered really reliable. 
ISIS-4 provides a unique opportunity to assess 
accurately any real effects of magnesium on the 
risk of death in a wide range of patients with 
suspected acute MI. 

Flexibility in the use of antiplatelet and fi- 
brinolytic therapy, and in all other aspects of 
management (including intravenous or other 
nontrial nitrate for just a few days): Antiplatelet 
therapy (such as aspirin) in acute MI significantly 
reduces death, stroke, and reinfarction and has few 
side effects." It is recommended, therefore, that 
(unless a strong contraindication is believed to 
exist) antiplatelet therapy should begin immedi- 
ately, which will generally be before randomization 
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FIGURE 1. Increase in cardiac output with captopril in the 
ISIS-4 pilot study. se = standard error. 





TABLE II Reduction in Mortality in an Overview of Seven Small 
Randomized Trials of Intravenous Magnesium in Acute 
Myocardial Infarction 


Allocated 
Control 


53/644 (8%) 


Allocated 
Magnesium 


25/657 (4%) 


into ISIS-4. Likewise, because fibrinolytic therapy 
significantly reduces mortality in many types of 
patient with acute MI,” it is also recommended 
that (wherever it is thought to be indicated) any 
fibrinolytic therapy should generally be started 
before randomization. Patients are, of course, 
eligible for entry into the trial, irrespective of 
whether or not antiplatelet or fibrinolytic therapy is 
used. 

In general, physicians who definitely want to use 
one or other of the trial drugs (i.e., nitrate, ACE 
inhibitor, or magnesium) in a particular patient 
should do so, and should not randomize that 
patient. There is one exception to this general rule: 
even though the testing of 1 month of oral con- 
trolled-release mononitrate forms part af ISIS-4, 
patients can still be randomized if intravenous or 
some other non-trial nitrate is to be used for just a 
few days. Otherwise, after randomization, non- 
trial nitrate, non-trial ACE inhibitor, or non-trial 
magnesium should be used only if a clear indica- 
tion is thought to have developed. 

All other aspects of patient management (such 
as the use of intravenous B blocker, anticoagulant) 
are entirely at the discretion of the responsible 
physician, for the needs of individual patients and 
the preferred methods of different physicians vary 
widely. The wide variation in the ancillary manage- 
ment of trial patients that will result (and which is 
anyway unavoidable) is advantageous, since it helps 
to make the ISIS results more directly relevant to 
heterogeneous clinical practice worldwide. Hence, 
ISIS-4 will provide good evidence about the effects 
of adding oral controlled-release mononitrate, oral 
captopril, and intravenous magnesium to current 
standard treatment. 


SIZE OF DIFFERENCE TO BE MEASURABLE: 
10-20 DEATHS PER 1,000 

Reliable assessment of the effects of con- 
trolled-release mononitrate, of captopril, and 
of magnesium on mortality may require some 
tens of thousands of randomized patients: The 
routine use of antiplatelet and fibrinolytic thera- 
pies in suspected acute MI has produced a substan- 
tial reduction in mortality in many coronary care 
units. In ISIS-4, fibrinolytic and antiplatelet thera- 
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pies are like y to be used widely, so the 1-month 
mortality wil probably be only about 8%. System- 
atic overvie*s of the results of previous trials of 
nitrates and of magnesium suggest that these 
treatments may reduce mortality by at least 15- 
20%. No such information is yet available for ACE 
inhibitors, bat the promising effects seen on ventric- 
ular function, which is importantly related to prog- 
nosis,” suggest that captopril may reduce mortality 
by a similar amount. Although a study involving 
20,000 patiemts might well be sufficient to detect 
effects of th s size, it might well not be (whereas a 
trial twice as large definitely would be). For exam- 
ple, a 15% difference in a trial of 20,000 patients 
(e.g., 830 deaths among 10,000 controls and 700 
among 10,00) treated patients) would be statisti- 
cally significant (2p <0.001). Even if treatment 
really does -2duce the risk by 15%, however, the 
play of chence could well make the observed 
difference in a trial of 20,000 patients somewhat 
less extreme and hence not conventionally signifi- 
cant (e.g., 80) vs 730 deaths, difference not signifi- 
cant). 

Given the wide relevance of the questions being 
addressed m ISIS-4, this chance of failing to 
recognize a treatment that really does reduce 
mortality by 15% is not a reasonable risk to take. 
The aim in _SIS-4, therefore, is to randomize at 
least 30,000-40,000 patients to ensure that the risk 
of such a fals2-negative result is completely negligi- 
ble. Of cov-se, if some of the differences are 
greater thar 15%, then the trial is likely to yield 
statistically tefinite results for one or more of the 
comparisons before its scheduled end. That partic- 
ular comparison would then be stopped early so 
that later patients in ISIS-4 and elsewhere could 
benefit. In panning the size of ISIS-4, however, it 
is not sensitke to let over-optimism lead to failure 
to recognize more moderate mortality differences, 
since these could still be medically worthwhile with 
such simple =nd inexpensive treatments. 

Full efficency: the ISIS-4 factorial design 
allows the separate assessment of more than 
one treatment without any material effect on 
study size requirements: In ISIS-4, patients will 
be. randomizzd between controlled-release mononi- 
trate versus placebo, captopril versus placebo, and 
magnesium versus open control in a 2 x 2 X 2 
factorial des gn. If, as is hoped, a total of about 
40,000 patiez ts are randomized, then there will be 
about 5,000 patients in each of the 8 possible 
combinatiors of trial treatment. Group sizes of 
5,000 may nct be large enough to yield statistically 
reliable resvits, so it may at first sight appear that 


this factorial design needs far more patients than 
would have been needed by a simpler design that 
randomized only one treatment comparison. This 
is not the case, However, because the way in which . 
the results from such a factorial design can be 
analyzed allows each question to be answered 
about as reliably as if the other questions were not 
being asked (as in ISIS-2 for streptokinase and 
aspirin”; see “Analysis” below). 


ELIGIBILITY: HIGH-RISK AS WELL AS LOW-RISK 
PATIENTS 

Simple eligibility: high or low risk, suspected 
or definite acute Mi, onset < 24 hours prior, no 
clear indications for, or clear contraindications 
to, trial treatments: All patients, both high and 
low risk, are eligible if, in the view of the responsi- 
ble physician: 


@ there are considered to be signs or symptoms 
suggestive of suspected or definite acute MI 
(with or without electrocardiographic changes); 

@ the patient is within 24 hours of the onset of the 
episode of pain (or, if no pain, of other symp- 
toms) that led to trial entry; and 

@ there are considered to be no clear indications 
for, or clear contraindications to, any one of the 
trial treatments—magnesium, ACE inhibitor, or 
nitrate. 

(The only exception is that patients who are to 
be given intravenous or other non-trial nitrate 
for just a few days can still be entered.) 


The intent is to randomize patients as promptly 
as possible after admission to the hospital. If the 
patient is not considered to be eligible on admis- 
sion because of some contraindication, the patient 
should be reassessed a few hours later and may 
then be eligible if trial treatments are no longer 
thought to be contraindicated and if it is still within 
24 hours of pain onset. (A patient can only be 
entered once into ISIS-4.) 

Contraindications are specified not by the 
protocol but by the responsible physician: The 
fundamental entry criterion is that the responsible 
physician considers there to be no clear indications 
for, or clear contraindications to, any one of the 
trial treatments. Reasons for not entering patients 
in the trial are specified not by the protocol but by 
the responsible physician and might include only a 
small likelihood of worthwhile benefit, such as: 


è negligibly low risk of MI death (e.g., unconvinc- 
ing history and normal electrocardiogram); 

è some major life-threatening disease other than 
acute MI; 


90D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 18, 1991 


or a high risk of adverse effects of trial treatment, 
such as: 


@ severely decreased blood pressure—cardiogenic 
shock or severe hypotension (e.g., systolic blood 
pressure persistently <90-100 mm Hg, espe- 
cially with right ventricular infarction or poor 
peripheral perfusion); 

® severely decreased plasma volume—clinical evi- 
dence of severe fluid depletion, perhaps due to 
chronic diuretic use. 

(Heart block is not necessarily a contraindica- 
tion, even though conduction can be slowed by 
increasing plasma magnesium. ) 


Any consent required should be sought be- 
fore randomization: Patients who are experienc- 
ing the onset of a heart attack are likely to be 
frightened and may be in severe pain and/or 
heavily sedated, and trial treatments may be more 
effective the sooner they are started. In such 
circumstances, it may not be considered appropri- 


ate to delay the start of treatment by discussing the 
various treatment options in prolonged detail. The 
degree and timing of consent is, therefore, left 
entirely to individual doctors to decide for individ- 
ual patients, in the light of local requirements and 
advice from any relevant ethical committees. This 
may result in a wide range of practices, from, at one 
extreme, formal written consent (e.g., see Figure 2, 
copies of which are supplied in ISIS-4 trial folders), 
through various degrees of verbal consent, to, at 
the opposite extreme, some mention of the trial 
intended just to offer patients an easy opportunity 
to initiate any discussion they may want. 


OUTLINE OF PRACTICAL PROCEDURES 

ISIS-4 “log” of all patients admitted to the 
coronary care unit with acute ischemic heart 
disease: All patients admitted to the coronary 
care unit (or equivalent) with a diagnosis of sus- 
pected or definite acute ischemic heart disease 
should be considered for the trial, and a note made 


FIGURE 2, Example of possible con- 
sent/information sheet (HF required; this 
Is a United Kingdom versian) to be read 
by, or to, patient or relative (and, If so 
desired, left with the patient after- 
wards). In the setting of an acute myo- 
cardial Infarction-—when patients are 
likely to be frightened, In severe palin 
and/or heavily sedated, and when any 
appreciable delay may cause some ex- 
tra deaths—it may not always ke con- 
sidered appropriate to discuss at much 
length the various options for treat- 
ment. in the Fourth International Study 
of Infarct Survival (ISIS-4), therefore, 
the degree and timing of consent Is left 
entirely to Individual doctors to decide 
for Individual patients, In the light of 
local requirements and advice from any 
relevant ethical committees. Coples of 
this consent/Information sheet are sup- 
plied to ali collaborating hospitals In 
the ISIS-4 trial folders and further cop- 
les are sent on request to collaborating 
hospitals by the coordinating center. 


INVITATION TO JOIN A STUDY OF HEART ATTACK TREATMENT 


We'd like to explain to you some of the research we're doing and then ask 
if you would help with it. 


Every day, all over the country, lots of people come into hospital who have 
just had — or nearly had — a heart attack. In this hospital we use all the 
standard treatments for this, but we are also looking at some extra 
treatments that could reduce blood pressure and help avoid irregularities 
of the heart beat. 


A possible drawback of such treatments is that they might reduce the blood 
pressure a bittoo much. We— andthe doctors and nurses inthe hundreds 
of other hospitals involved in this study — hope that these extra treatments 
will be useful, but we need the help of many thousands of patients like you 
to find out whether or not they really are. 


lf you decide to take part, this is what the research project would involve. 
In addition to all the standard treatments, you'd gettwo additional medicines 
as tablets each day for one month. These study tablets would be either 
active or inactive ones — neither we nor you would know which, because 


the information is kept on a secret code list at another hospital. (The 
medicines are not themselves new, and have been used successfully for 
several years in the treatment of other sorts of heart disease.) You might 
also be given an injection of a magnesium salt over the next 24 hours 
through the plastic tube that is already in your arm. (Again, such treatment 
is not new — for example, if has been used for many years to treat high 
blood pressure in pregnancy.) Often these injections cause an initial 
flushing and feeling of warmth, but this goes away very quickly. 

The study would not involve any extra tests: we'd just send the important 
details of your progress in hospital away to the research office, and they 
might write and ask you a few questions after you get home. These details 
would be used, in confidence, for medical research purposes only. 
Whether or not you are in the study, you will, of course, always be 
given any treatments that seem definitely good for you — and, if you 
wanted to withdraw from the study at any time, then you would be free to 
do so. 

If you have any questions before deciding whether to take part then please 
feel free to ask them. 
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for each in che ISIS-4 log (Figure 3), either of the 
treatment pack number allocated at randomiza- 
tion, or of -he main reasons for not randomizing 
(e.g., not MI; >24 hours; some contraindication). 
The top capies of all completed and partially 
completed sheets in the ISIS-4 log will be re- 
quested reg larly. 

Telephcae randomization: ISIS-4 notepads 
help to maxe this quicker and easier: No entry 
form is neeced for ISIS-4, and no special tests have 
to be done. Patients are entered into the trial by 
means of = free direct-dial telephone call to a 
24-hour ramdomization service to answer a few 
questions avout the patient. The telephone call 
may be qui-ker and easier if the ISIS-4 randomiza- 
tion notepacs (Figure 4) are used to prepare for 
the questions. 

At the end of the telephone call, after all the 
prerandomiation details have been provided, the 
randomiza: on service allocates the patient a spe- 
cific treatment pack number. All patients who are 
allocated a treatment pack number are then irrevo- 
cably in the trial (whether or not they should have 
been entered and whether or not they actually 
receive the allocated trial treatments, since the 
principal azalyses will be by “‘intention-to-treat’’”’). 
The treatment pack labeled with this number 
should thet be obtained from the ISIS case that is 
held in the coronary care unit. 

Trial treatment packs containing study mate- 
rials and treatment instructions: Controlled- 
release mononitrate/placebo; captopril/pla- 
cebo: magnesium/nothing: Trial treatment should 
generally te started immediately after starting any 
antiplatelet therapy and after the early lytic phase 
(i.e., the first hour or so) of any fibrinolytic therapy. 
Specific inscructions for the trial treatments allo- 
cated to trat patient (which will differ slightly, 
depending >n whether the patient is allocated to 
receive ma3nesium or not) are enclosed in the 
treatment zack (Figure 5). 

The ind vidual treatment pack contains a 1- 


month calendar-packed (Figure 6) supply of con- 
trolled release mononitrate (or placebo) tablets 
and of captopril (or placebo) tablets, and, if allo- 


cated magnesium, two ampules (but no ampules, if -— 


allocated to open control). 

Routine management at the discretion of the 
responsible physician: Unless clear contraindica- 
tions develop, the trial treatments should be given 
as specified, and varied only if the responsible 
physician believes there is a definite need to do so. 
All other aspects of patient management are en- 
tirely at the discretion of the patient’s own doctors. 
Patients are managed in whatever way appears best 
for them, with no special treatments, no special 
investigations, no delay of discharge, and no extra 
follow-up visits required for the trial. If desired, 
the patient’s family doctor can be written to (per- 
haps by using, or modifying, the standard letter 
that is supplied in ISIS-4 trial folders) during the 
hospital admission or at discharge. This is to 
inform them about the trial, to request that trial 
treatment be continued unless it is considered to 
have become clearly contraindicated, and to ask 
that they contact the collaborating physician if 
there are any serious problems. (Similar informa- 
tion is, however, already printed on the trial 
calendar pack. See Figure 6.) 

No additional investigations and no extra 
follow-up: The information routinely recorded in 
the normal clinical notes (with no special extra 
records or investigations) should be sufficient for 
completion of the 1 page discharge form (see 
Figure 7: this simple list of questions is to be 
completed just once for each patient after dis- 
charge, or prior death, and sent to the national 
coordinator using the preaddressed envelopes sup- 
plied). The discharge forms are printed on duplicat- ` 
ing paper so that a copy is automatically produced 
for the hospital records; these are supplied in the 
ISIS-4 trial folders. 

Postdischarge follow-up is only of mortality, and 
in most countries (including the United Kingdom) 


izia¥ GZU LOG: COUNTRY & NAME OF HOSPITAL: 


For all p=ients admitted to CCU (or equivalent) with suspected or definite acute ischaemic heart disease, 
either record ISIS-4 pack number allocated at randomisation, or tick main reason(s) for not randomising. 


OR: MAIN REASON(S) NOT IN ISIS-4 


>24h 
fom 44 JJptasma 
onset BP volume 


EITHER; 
ALLOCATED 


Date of ISIS-4 PACK Not 
admission NUMBER MI 


Date 
of birth 


Patient's 


initials Other reason; specify: 





FIGURE 3. Ce-onary care unit (CCU) log for ISIS-4. 
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this will not directly involve the hospitals, since it 
can usually be conducted through central govern- 
ment records. 

~ Reporting of any serious adverse experi- 
ences helieved to be due to trial treatment: To 
fulfill regulatory authority requirements, serious 
adverse experiences that are believed with a reason- 
able probability to be due to trial treatment and 
that are observed in the hospital or reported to 
collaborators after discharge should be reported 
immediately by telephoning the 24-hour randomiza- 
tion service, where a few brief details (i.e., hospital, 
patient name, nature of event) will be recorded. 
For the purposes of this study, the only adverse 
experiences that need to be reported in this way 
are those that are both serious (i.e., fatal, life- 
threatening, disabling or significantly delaying dis- 
charge), and believed with a reasonable probability 


to be due to trial treatment. (Following discharge, 
it may be more difficult to determine whether some 
serious adverse event is, or is not, due to trial 
treatment, so such events may need to be reported 
more readily to the 24-hour randomization ser- 
vice.) It is not required to report in this way those 
serious side effects or adverse events (including the 
common modes of death) that are not thought to 
be due to trial treatment. All such events are, 
however, routinely recorded on the ISIS-4 dis- 
charge form and will be monitored centrally as the 
trial progresses. 


ANALYSIS 

Main analyses and subsidiary analyses: The 
main comparisons will be of: 

1. Controlled-release mononitrate versus pla- 
cebo: Vascular mortality during the first 5 weeks 


(This page may be 


1StSU-RANDOMISATION NOTEPAD csse merre, 


To make randomisation quicker and easier for you, prepare for these 
questions before telephoning the 24-hour randomisation service on: 


0800-585323 (toll-free) or 0865-240972 


(haves ensure that all details are complete and correct, since they cannot be changed atter 
ailocetion of the trial treatment pack. N.B. A patient can be entered once only into {SIS-4. 


l , (see back of this pad for no.; give 
Le hospital name it no. is not available) 


ee eee eee, 
a 


year 
Male / Female 
YES 


Hospital code no. (or name) 
Patient's “amily name 
& given name(s) 


Date of birth 


Sex 
NO (or unsure) 


L] 
a 


Current cigarette smoker? 
Pravious MI? 
Clinical evidence of heart failure? 


Does current treatment include: 


4 FIGURE 4. Randomization notepad for 
ISIS-4. 


Ba (N.B, Patients who are to be given 
iv or other non-trial nitrate for just 
a few days can stili be entered} 


E 


| į [hours (MUST be 24 hours or less) 


mm |V. Nitrate? 


~ other nitrate? , 
{ignore occasional sublingual use) 


~ Chronic diuretic use? 


Hours since onset of pain (or other 
symptoms} that led to trial entry 
(to nearest hour: round half hours up) 


Heart rate a= beats/minute 


Systolic blood pressure po! ' mmHg 


Diastolic tlood pressure mim Hg 


ECG code (1-10, see below): 


have the ONE smallest ECG code no. 
OST appropriate for this patient) 


& = ST depression, without ST elevation 
7 = Q waves 

§ = T wave inversion 

9 = Normal ECG 

5 = 5T elevation: Other ST elevation (i.e. not coverea by codes 2 to 4) 10 = Other 


1 = Bundle branch block 


2 = ST elevation: Anterior alone (i.e. anterior, lateral or antero-lateral) 
3 = ST elevation: inferior alone 
4 =ST alevation: Anterior and Inferior 


SPACE TO RECORD PACK NUMBER 


ALLOCATED AT RANDOMISATION | | | 


Obtain treatment pack with this number from ISIS case, and administer as directed inside pack 
(N.B. After allocation of treatment pack number, patient cannot be withdrawn trom the tial 


even if the diagnosis is changed or the trial treatment is not given) UKA 
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among all tose patients allocated active-mononi- 
trate versus all those allocated placebo-mononi- 
trate; 

2. Captopril versus placebo: Vascular mortality 
during the “rst 5 weeks among all those patients 
allocated active-captopril versus all those allocated 
placebo-cartopril; 

3. Magn=sium versus open control: Vascular 
mortality ducing the first 5 weeks among all those 
patients allezated magnesium versus all those allo- 
cated open <ontrol. 

The most important subsidiary comparisons of 










iP Dh) 


EITHER: 





pach contaire 
ampoules) 


OR: 2. NO MAGNESIUM INFUSION 


(pack contair: 
no ampoules’ 


2. MAGNESIUM INFUSION : Make up to larger volumes, if more convenient with normal saline or 5% dextrose. 
(Compatible with intusions of fibrinolytics, hepann, nitrates, lidocaine, etc) 


— Immediately after giving the first study tablets, infuse contents 18 mmol MgSQ,) of the smaller (10 ml) ampoule 
over about 15 minutes (to minimise any flushing) via the indwelling venous cannula (using drip or pump) 


— Follow immediately by 24 hour controlled infusion (using drip or pump) of contents (72 mmol MgSO,) 
of the larger (50 ml) ampoule (N.B. Magnesium is renally excreted; if after randomisation serum creatinine 
is found to be over 300umol/ consider not giving all of this magnesium infusion) 


5-week vascular mortality involve: (1) comparison 
of those patients allocated active-mononitrate with 
those allocated placebo-monotitrate, subdivided 
by nitrate treatment recorded at randomization; 
and (2) assessment of whether the group allocated 
the combination of controlled-release mononitrate 
and captopril had an outcome that was very signifi- 
cantly different from what might have been ex- 
pected from the separate effects of the 2 agents. 
Although the chief emphasis is on 5-week vascu- 
lar mortality, all these main and subsidiary analyses 
will also be repeated for long-term vascular mortal- 


TREATMENT INSTRUCTIONS 


IMMEDIATE TREATMENT: Start study tablets and any magnesium infusion together 
{after starting any antiplatelet therapy and after early lytic phase, i.e. first hour or so, of any fibrinolytic therapy) 


1. CAPTOPRIL/PLACEBO AND CONTROLLED-RELEASE MONONITRATE/PLACEBO INITIAL TABLETS 
— Give together the first captopril (Capoten 6.25 mg) / placebo tablet 
and the first half tablet of controlled-release mononitrate (Imdur 30 mg) / placebo 


~ About 2 hours after starting study treatment, give the second captopril (12.5 mg) / placebo tablet* 


— About 10-12 hours after starting, give together the next captopril (25 mg) / plazebo tablet 
and the next half tablet of controlled-release mononitrate (30 mg) / placebo* 





— Avoid magnesium unless considered clearly indicated 


3. CONFIRMATION OF STUDY ENTRY: Complete and return pre-addressed entry card 


SUBSEQUENT TREATMENT: Continue study tablets for 28 days, unless clearly contraindicated* 


4. CAPTOPRIL/PLACEBO AND CONTROLLED-RELEASE MONONITRATE/PLACEBRO MAINTENANCE TABLETS 


~ Two tablets (50mg captopril/placebo and 60mg controlled-release mononkrate/placebo) are to be taken each morning, 
and one tablet (50mg captopril/placebo) is to be taken each evening for 28 days, 
Tablets should be swallowed whole with food or water 

— About 24 hours after starting the study treatment, patient sould take either the morning or the evening 
tablet(s), as appropriate. Start on the appropriate day (MON-SUN) of week 1 


— Continue tablets to the end of week 4 (even after leaving hospital), and then complete the remainder of week 1 
— Stop only when 28-day course of tablets has been completed, unless considered clearly contraindicated* 


Management of severe hypotension: Tip head down. If persistent, consider plasma expanders or inotropes 


* Dose reduction, or discontinuation, by responsible doctor: If some CLEAR con‘raindication is thought to have 
developed then study treatment can be reduced (e.g. for persistent severe hypotension consider giving just half of each 
tablet each time), or can be discontinued temporarily (starting again as soon as possible, perhaps with half of each tablet 
as the first dose), Consider permanent termination of study treatment only when continuation on a reduced dose is 
definitely considered to be inappropriate (e.g. patient does not have ischaemic heart disease) 


Development of clear indication for study treatment: Apart from any planned intravenous or other short-term nitrate 
use, non-study nitrates, converting enzyme inhibitors or magnesium should be used only f a CLEAR indication is thought 
to have developed. Continue to give study treatment as well (even if unblinded; see below), unless considered absolutely 


| necessary to discontinue it 


| For unblinding of study tablets (only when considered necessary by the physician responsible for the patient's 
management), or for reporting serious adverse experiences (i.e, fatal, life-threatening, cisabling or significantly delaying 
discharge) believed to be due to study treatment, telephone the 24-haur randomisation service on: 
0800-585323 (toll free) or 0365-240972 


FIGURE 5. Treatment Instructions for ISIS-4. 
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~ 


| 
y 


ity followed up to 5 weeks after the date all 
randomization into ISIS-4 stops (i.e., all patients 
will have between 5 weeks and about 18 months of 
follow-up). In addition, many other exploratory 
analyses will be performed and presented, often 
for descriptive purposes, with due allowance made 
for their exploratory nature. The effects of the trial 
treatments on total mortality, on particular modes 
of death, and on various nonfatal events in hospital 
(e.g., cardiogenic shock, heart failure, cardiac ar- 
rest) will also be reported. 

Interim analyses: the data monitoring com- 
mittee: During the period of intake to the study, 
interim analyses of in-hospital mortality and of any 
other information that is available on majer end 
points (including serious adverse events believed to 
be due to treatment) will be supplied, in strict 
confidence, to the chairman of the data monitoring 
committee, along with any other analyses that the 
committee may request. In the light of these 
analyses, the data monitoring committee will ad- 
vise the chairman of the steering committee if, in 
their view, the randomized comparisons in ISIS-4 
have provided both (1) “proof beyond reasonable 
doubt”’* that for all, or for some, specific types of 
patients, one particular treatment is clearly indi- 
cated or clearly contraindicated in terms of a net 
difference in mortality, and (2) evidence that might 
reasonably be expected to influence materially the 
patient management of the many clinicians who 
are already aware of the results of the other main 
trials. The steering committee can then decide 
whether to modify intake to the study (or to seek 
extra data). Unless this happens, however, the 
steering committee, the collaborators, and the 
central administrative staff (except those who pro- 
duce the confidential analyses) will remain igno- 
rant of the interim results. 

Collaborators, and all others associated with the 
study, may write through the ISIS trials office to 
the chairman of the data monitoring committee, 
drawing attention to any worries they may have 
about the possibility of particular side effects, or 
about particular categories of patients requiring 
special consideration or about any other matters 
that may be relevant. 
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* Appropriate criteria of proof beyond reasonable doubt cannot be 
specified precisely, but some members of the committee have 
expressed sympathy with the view that a difference of at least 3 
standard deviations in an interim analysis of a major end point may 
be needed to justify halting, or modifying, such a study prema- 
turely. If this criterion were to be adopted, it would have the 
practical advantage that the exact number of interim analyses 
would be of little importance,“ and so no fixed schedule is 
proposed. 
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isis DISCHARGE FORM: Please complete after patient is first discharged (or prior death) UNITED KINGDOM 
eR Reena eens AAAA AAAA aai TT 
IDENTIFIERS (please PRINT, and give COMPLETE details to help us find out about any deaths after discharge) 





Hospital ame Office use: ISIS i.d. number 
& code nm. of hospital (see back of pad) 6SH eR oes ee 
Patient's Family name 


& ALL giren names | 
Maiden reme (if appropriate) 


Date of bath Day i Month ‘Year OR patient sticker can be used 

Address: to provide some of these details 
House ro. & Street although please write in ANY details 
District not given o7 the sticker ) 


Town | 
County & post-code) 
GP's naraa & address (if available) 
DATE OF FANDOMISATION: Day / Month / Year 
MONONITEATE/PLACEBO TRIAL TABLETS (tick| ¥ Jone box on EACH line) 


YES NO 
B " Tablets continued once daily to discharge (or prior death; ignore occasional missed tablet) 
| | _.| Discharged on controlled-release mononitrate/placebo trial tablets: tick | —_| box if discharged on reduced dose 


CAPTOPF IL/PLACEBO TRIAL TABLETS (tick| “| one box on EACH line) 
YES NC 


First tablet given 





First tablet given 
| | Tablets continued twice daily to discharge (or prior death; ignore occasional missed tablet) 
Discharged on captopril/placebo trial tablets: tick | | box if discharged on reduced dcse 
MAGNESEM (tick | / | one box on EACH line, whether magnesium was allocated or not) 


YES NC 
initial bolus infusion (trial or non-trial} given 
24-hour infusion (trial or nomtrial) started 


24-hour infusion (trial or non-trial} completed 
NON-TRIZL TREATMENT IN HOSPITAL (ticki “ one box on EACH line) 
YES NC 
Intravenous nitrate 
Other routine non-trial nitrate (i.e.ignore occasional sublingual tablet) 
Non-trial converting enzyme inhibitor | 
Intravenous beta-blocker | 
Fibrinolytic therapy | 
Aspirin or other antiplatelet agent | 
Antiarrhythmic agent 
POSSIBLE SIDE-EFFECTS OF TRIAL TREATMENTS (tick| “Jone box on EACH line, and enter date any event FIRST occurred) 
YES N€ Day/Month/Year 
/ d Profound blood pressure fall NOT requiring termination of trial medication 
- of Profound blood pressure fall requiring termination of trial medication, describe treatment briefly: 





ze ae / of Other possible side-effects; describe briefly: 


MAIN EVENTS (FATAL OR NOT) BETWEEN RANDOMISATION AND FIRST DISCHARGE (tick | v” | one box on EACH line, and 
YES Ni: Day/Month/Year enter date any event FIAST occurred) 

/ infarction confirmed (e.g. by ECG and/or enzymes) 

Reinfarction 

Post-infarction angina 

Coronary artery bypass graft or angioplasty 

Cardiogenic shock 

Heart failure requiring treatment Office Use 

Ventricular fibrillation 


Other cardiac arrest í CE I] 
Stroke | | CL] ee 
Pulmonary or systemic embolism 


2° or 3° heart block 
Other serious adverse event(s); describe briefly: 


First discharge alive from hospital in which patient was randomised 
Death in hospital, with no prior discharge after randomisation; and specify (i) time ___:______ (24 hour), 
and (ii) likely primary cause of death (tick only ONE box, ard enclose copy of any available autopsy report): 
Arrhythmia [ ~~ | Electromechanical dissociation 
Asystole : Reinfarction or extension 
Cardiac rupture | _ | Other cardiac/unknown; specify: 
Shock NON-cardiac cause; specify: 


CULE 
JOC 


NAME OF PERSON COMPLETING FORM (please PRINT): Thank you 


Please clack that one YES/NO box has been ticked on each line and check that DATES ot events are reported, and then 
send th= top copy (no stamp required within UK) to: ISIS (CTSU), FREEPOST, Radcliffe Infirmary, Oxford OX2 6BR 


(if ANY ~2levant question is unanswered this form will be returned, so PLEASE RE-CHECK it carefully!) 
UK4 D4 


men 


FIGURE 7. 
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20,000 
allocated 
MAGNESIUM 


A 5000 
MONONITRATE & 
MAGNESIUM 


C 5000 
CAPTOPRIL & 
MAGNESIUM 


E 5000 
MONONITRATE & 
CAPTOPRIL & 
MAGNESIUM 


G 5000 
MAGNESIUM 


20,000 
allocated 
CONTROL 


Apparent 
mortality reduction 
(Magnesium vs. 
Open control) 


B 5000 
MONONITRATE D, = Difference in deaths 


(group B - group A) 


D 5000 
CAPTOPRIL D> = Difference in deaths 


(group D - group C) 


F 5000 
MONONITRATE & 
CAPTOPRIL 


D3 = Difference in deaths 
(group F - group E) 


D4 = Difference in deaths 
(group H - group G) 


Magnesium versus Open control: Grand total of mortallty differences = D1 + D2 + D3 + D4 





FIGURE 8. Planned analyses if ISIS-4 randomizes 40,000 patients. As an example of the appropriate way of analyzing a 
factorial study, just the planned analyses of the effects of magnesium are described; the analyses of controlled-release 
mononitrate (Indur) or of captopril (Capoten) would be similar. 


Planned analyses if ISIS-4 randomizes 40,000 
patients: As an example of the appropriate way of 
analyzing a factorial study, just the planned analy- 
ses of the effects of magnestum are described; the 
analyses of controlled-release mononitrate or of 
captopril would be similar. In Figure 8, if magne- 
sium did nothing to mortality in any row, then D, 
would differ only randomly from zero, as would D, 
D,, and D,. When four things that each differ only 
randomly from zero are added together, then their 
grand total will also differ only randomly from zero. 
Conversely, if the grand total is much more positive 
than could plausibly be ascribed to the play of 
chance, this disproves the idea that magnesium 
does not reduce mortality at all. The grand total of 
D,, D,, D, and D, involves data from all patients, 
so examination of this total provides about as 
sensitive a test of whether magnesium saves lives as 
would a direct analysis of a single trial involving 
40,000 patients (and this test does not involve any 
unjustified comparisons between patients in one 


FIGURE 7. (Facing page) Discharge form. Coples of this 
form, printed on duplicating paper that automatically pro- 
vides a copy for the patient's clinical notes, are supplied 
in the ISIS-4 trial folders. Further copies will be sent to 
collaborating hospitals by the coordinating center as they 
are required, or on request. 


row and patients in another row). This argument 
remains completely valid even though the sizes of 
any effects of magnesium on mortality may be 
somewhat different in different rows, for D, in- 
volves only the comparison of like with like, as does 
D,, D, and D, there are no inappropriate direct 
comparisons of patients in one row with patients in 
another. This method of analysis of a factorial trial 
is sometimes referred to as “retrospective stratifi- 
cation”; analogous methods can be used to provide 
analyses (either of simple two-way trials or of fac- 
torial trials) that are retrospectively stratified for 
age, sex, country, hospital, various patient charac- 
teristics, and so on.” Although in principle such 
analyses are preferable, in practice for a trial as 
large as ISIS-4 they will give results that are vir- 
tually identical to those produced by a simple un- 
stratified analysis (see, for example, the ISIS-2 
results’). 


ORGANIZATION 

Responsibilities of the chief medical collabo- 
rator in each hospital (after local ethical commit- 
tee approval has been obtained): 

1. To ensure that all medical and nursing staff 
involved in the care of acute MI are reasonably well 
informed about the study. This involves showing the 
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ISIS-4 train ng video to the medical and nursing 
staff in the coronary care unit (and perhaps to 
some of thcze in the emergency room), displaying 
the wall czart in several imaginatively chosen 
places where it is likely to be read (Figure 9), and 
distributing -he regular newsletters and the plastic 
protocol sunmaries (which can be carried in the 
pockets of tze medical and nursing staff). A copy of 
the video is crovided for each hospital so that it can 
be shown frm time to time to new staff. 

2. To check the ISIS-4 log routinely to ensure 
that virtualk all patients admitted with suspected 
or definite acute ischemic heart disease do get 
considered jor the trial, and that virtually all 
patients whe are eligible, and willing to participate, 
do get randomized. | 

3. To mæke sure that the single-sided discharge 
forms are completed reasonably promptly (e.g., within 


a month or so of discharge or death in hospital; or, 
if not, to ensure that they are completed reason- 
ably soon after the reminder to do so arrives), and 
to telephone the randomization service with details 
of serious adverse events believed to be due to 
treatment that are observed in hospital or reported 
after discharge. 

Responsibilities of the chief nursing collabo- 
rator: 

1. To keep the ISIS-4 log of all patients admitted 
to the coronary care unit (or equivalent) for suspected 
or definite acute ischemic heart disease, with a note 
either of the treatment pack number allocated at 
randomization, or of the main reasons for not 
randomizing. 

2. To ensure that the nurses remind medical staff 
to consider randomizing all patients with suspected or 
definite acute ischemic heart disease into ISIS-4. 


PROTOCOL SUMMFP*: This summary of the practical detalis of iSiS-4 Is siso avaliable as a wall-chart {tor the coronary cars 
unit and the emergos~y room) and as a pocket summary protocol (for both medical and nursing staff} 


E Consider for: "<m a amm n 
>M zonsider for: IDS &. 


if not randomised, record 





iginilit 
Eligi Y (with or without 
@ <24 hours since onset of pain that led to trial ent 


@ Ail pacer, high or fow risk, with suspected acute MI 
CG changes), unless already in ISIS-4 


Fourth International Study of infarct Survival, 
main reason in 1ISiS-4 log onaning Monocots A Coptopl & Magnenium 


(N.B. Randomise as promptly as possible: if not eligible immediately on 
admission, or after fibrinolytic, re-assess for randomisation a few hours later) 


E Doctor's opinion — no CLEAR Indications for: 


magnas om, converting enzyme Inhibitor or prolonged nitrate 
N.B. Patients who are to be given iv or other non-trial nitrate 


or Just a few days can still be entered) 


E Doctor's opinion — no CLEAR contraindicatlong to: 
magnesium, converting enzyme inhibitor or nitrate 


Reasons for not entering patients into the trial are specified not by the protocol 


but by the responsible physician, and might include: 


-—~ either only a small likelihood of worthwhile benefit: 


* negligibly low risk of MI death (e.g. unconvincing history and normal ECG); 
* some major life-threatening disease other than acute MI: 


— ara high risk of adverse elects of trial treatment: 


» Jt blood pressure: cardiogenic shock or severe hypotension 
(e.g. SBP persistently <96-100mm Hg, especially with right 


ventricular infarction or poor peripheral perfusion); 
g lasma volume: clinical evidence of severe fluid depletion, 


pa aps due to chronic diuretic use 


Heart black is nat necessarily a contraindication, even though 
cenduction can be slowed by increasing plasma magnesium 


i ieee aa tals Naa a a a Baa a 
@ Any antiplatelet or fibrinolytic therapy considered indicated should 


Telep-one 
Randonszisation 


generally be started before randomisation 


m Any consent required for ISIS-4 should have been sought 


FIGURE 9. Protocol summary: This sum- 
mary of the practical detalls of ISIS-4 is 
also avaHable as a wall-chart (for the 
coronary care unit and the emergency 
room) and as a pocket summary proto- 
col (for both medical and nursing staff). 


E Prepare for telephone questions using the randomisation note-pad 
E Ring 24-hour service: 0800-585323 (toll-free) or 0865-240972 


E When questions on randomisation notepad have all been 


answered, a specific treatment pack number will be allocated 


Treatment 


E From ISIS trial case, get trial pack with the allacated number 


E Follow the treatment instructions contained in allocated trial treatment pack: 
— Initial mononitrate (Imdur)/p'aceho and captopril (Capoten)/placebo tablets; 
— 24 hour i.v. magnesium infusion or open control (i.e. no infusion); and 
— 28 day calendar pack of tria! tablets (ance daily cantrolled-ralease 
mononitrate/placebo and tw:ce daily captopril/placebo) 


W All other management as considered appropriate by responsible physician, 


with no extra tests or fallaw-up visits 


After 
Discharge 


(or prior death) (Tel: 0865 





E Complete the single-sided discharge form fram the case notes, and return it ta: 


ISIS CTR FREEPOST, Radcliffe Infirmary, Oxtord OX2 6BR 
-576t4; answering machine outside office hours) 


0800-585323 (toll-free) or 0865-240972 


— also for urgent m~dica! queries, for unblinding trial tablets (oniy H considered definitaly necessary} and for reporting any serlous 
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Such reminders are of enormous importance: with 
them the study will succeed and will provide 
reliable evidence about the value of such treat- 
ments both for high-risk and for low-risk patients. 

3. To ensure that the trial treatment packs are 
readily available, that the nursing staff remember to 
give all ISTS-4 trial treatments (unless some contrain- 
dication develops), and that the trial entry confir- 
mation card is completed and posted. 

Responsibilities of the national coordinators 
(after regulatory approval has been obtained): 

1. To maximize collaboration and to arrange 
occasional meetings of collaborators so that any 
problems or questions can be dealt with. 

2. To provide both medical and nursing collabora- 
tors with information about the study’s progress and 
to deal with most of the problems and questions 
that might arise. 

3. To represent the collaborators’ views at the 
steering committee meetings. 

Central coordination: supply of all trial mate- 
rials, 24-hour randomization service, and data 
collection and analysis: The ISIS trials office in 
Oxford is responsible for providing the specially 
packed trial cases containing treatment packs, the 
trial folders containing printed materials, and the 
` ISIS video. These will be supplied, via the national 
coordinators, to each collaborating center after any 
relevant ethics committee approval has been ob- 
tained. Patient entry in a center can start as soon as 
the first drug supplies are received. Further sup- 
plies will be delivered automatically by the coordi- 
nating center, to ensure that patient entry can 
continue without interruption until the end of the 
trial. Additional supplies of any printed material 
can be obtained on request from the national 
coordinators. 

The ISIS trials office is also responsible, in 
collaboration with the national coordinators, for 
collection of data (including reports of serious 
adverse events thought to be due to trial treat- 
ment) and for data analyses. The Clinical Trial 
Service Unit in Oxford provides the 24-hour ran- 
domization (and unblinding) service for English- 
speaking collaborators, with an on-call service for 
any clinical queries about the trial. 

Finance and non-negligent liability: The trial 
is being funded by Bristol-Myers Squibb, who 
manufacture captopril, and by Astra, who manufac- 
ture the controlled-release isosorbide mononi- 
trate. Magnesium sulfate has been donated by 
Artesan Pharma and Cassella-med, a subsidiary of 
Hoechst. The general structure of the study was, 
however, designed independently of these compa- 


nies, who have no representative in its organization 
and who will, like the steering committee, remain 
blind to the results as they accumulate. This 
arrangement is intended to ensure that no sugges- 
tions of lack of objectivity of the findings can be 
justified. The ISIS trials offer no financial support 
to the collaborating hospitals, other than reimburse- 
ment of any minor costs and provision of free 
supplies of the trial drugs. 

No litigation appears to have arisen from the 
previous ISIS trials, and it is hoped that none will 
arise from ISIS-4. If it does, however, the pharma- 
ceutical companies that are participating in the 
trial will indemnify, and hold harmless, any institu- 
tion or individual collaborating in [SIS-4 from and 
against any and all claims or law suits resulting 
from participation, provided that (1) those seeking 
indemnity have not departed in any importantly 
relevant manner from compliance with the proto- 
col and provide all reasonably possible assistance 
to the pharmaceutical companies in defense of 
such claims (allowing the companies, if they wish, 
to settle the claim or take over the defense); and 
(2) the companies will not be liable for any injuries 
resulting from medical negligence. 

Publication and ancillary studies: It may be 
that certain collaborating centers will want to 
organize formal additional studies of the effects of 
the trial treatments on some ISIS patients (e.g., 
special investigations in selected hospitals), There 
are no restrictions on this, although it is requested 
that prior to their start such proposals be referred 
to the steering committee for discussion. 

The success of ISIS-4 depends entirely on the 
whole-hearted collaboration of a large number of 
doctors and nurses. For this reason, as in the 
publication of previous ISIS trials, chief credit for 
the main results (and for any lives that these save) 
will be given not to the committees or central 
organizers, but to all those who have collaborated 
in the study. 
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Pipilis; United States: C. Hennekens, T. Ryan. 
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- Early Treatment of Acute Myocardial Infarction 
= with Angiotensin-Converting Enzyme Inhibition: 
Safety Considerations 


Ettore Ambrosioni, mD, Claudio Borghi, mp, and Bruno Magnani, mp, for the 
SMILE Pilot Study Working Party 





The use of angiotensin-converting enzyme (ACE) 
inhibitors In acute myocardial infarction (AMI) is 
based on their capacity to limit ventricular en- 
largement and dysfunction. To date, the safety 
profile of administration of ACE inhibitors early in 


_ the course of AMI has not been established. In- 


hospital and long-term consequences of treat- 
ment with the ACE inhibitor zofenopril initiated 
within 24 hours of the onset of symptoms were 
compared with those of standard treatment in an 
open-label trial involving 204 patients with AMI 
who were not undergoing thrombolytic treatment. 
zZofenopril promptly blocked ACE activation. 
Blockade was almost complete (91 + 6%) after 
72 hours and paralleled decreases in systolic 
blood pressure. Systemic blood pressure was 
acutely reduced by zofenopril, and severe but 
reversible hypotension occurred in 15% of hospi- 
talized patients and in 3% of those treated over 
the long term. No adverse clinical or biochemical 
events were reported during the course of 
zofenopril therapy. Overall cardiovascular mor- 
tality was not significantiy reduced by early 
zofenopril compared with placebo therapy (7.8% 
vs 10.7% [difference not significant}). The inhos- 
pital incidence of acute left ventricular failure 
and ventricular arrhythmias decreased by 63% 
and 39%, respectively, among zofenopril-treated 
patients, who also reported fewer anginal epi- 
sodes both acutely (68% reduction) and over the 
long term (56% reduction) and did not require as 
much drug treatment (i.e., diuretics, digoxin, 
and/or anti-ischemic agents) during the follow-up 
phase. Left ventricular size decreased and ejec- 
tion fraction (EF) increased in patients who re- 
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ceived zofenopril, and the improvement was 
greater among patients with poorer ventricular 
function (EF < 40%). Early administration of ACE 
inhibitors may therefore constitute a safe form of 
therapy for patients with AMI, particularily when 
the event is complicated by clinical signs or evi- 
dence of ventricular dysfunction. 

(Am J Cardiol 1991;68:101D—110D) 


A ngiotensin-converting enzyme (ACE) in- 
hibitors improve the hemodynamic profile 
of patients with severe congestive heart 
failure,’ and sustained therapy has been associated 
with a reduction in clinical symptoms? and prolon- 
gation of survival.’ Since myocardial infarction in 
its subacute phase shares many of the hemody- 
namic and humoral features of congestive heart 
failure, the use of ACE inhibitors was proposed for 
the treatment of this condition as well.‘ When 
administered after acute myocardial infarction 
(AMI), ACE inhibitors have been shown to pre- 
vent the progressive deterioration of ventricular 
function in both animals’ and humans with de- 
pressed ejection fractions.” Although animal stud- 
ies have indicated that chronic administration of 
captopril is associated with prolonged survival,‘ 
results of patient studies are still limited to improve- 
ment in ventricular volume with ACE inhibition, 
and caution must be exercised in extrapolating 
these findings to clinical practice. Furthermore, in 
the studies in patients, captopril therapy was begun 
during the subacute phase of myocardial infarc- 
tion, i.e., days to weeks following the event.°’ Only 
limited information is available on the clinical use 
of ACE inhibitors begun on the first day after the 
infarction,” i.e., at the time when these agents 
could provide additional benefit by improving he- 
modynamics and reducing activation of the renin- 
angiotensin—aldosterone system.” Table I summa- 
rizes the potential clinical benefits and adverse 
effects of ACE inhibition early in the course of 
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TABLE į Poteatial Clinical Benefits and Adverse Effects of ACE 
Inhibition Ear” After Acute Myocardial Infarction 


Berefits Adverse Effects 


Reduces bloc pressure Exaggerates pressor effect 

Prevents dev22pment of con- Causes toxicity due to d-ug over- 
gestive heer failure dosage (first dose) 

improves exe-.ise tolerance Exacerbates renal function 

Limits angina 2pisodes Reduces end-organ perfusion 

Limits arrhyts nias is associated with adverse drug 
reactions 

Has no impact on outcome 


Improves patent survival 


AMI. An ir-portant question is whether the risk— 
benefit rela. on in regard to morbidity and mortal- 
ity is favorable. 

Recently, a preliminary assessment of the safety 
profile and essential clinical and hemodynamic 
effects of oral administration of an ACE inhibitor 
was carried cut in patients with AMI who were not 
undergoing thrombolytic treatment.’ Zofenopril 
calcium (SQ 26,991), a sulfhydryl-containing ACE 
inhibitor, is a prodrug—ester analogue of captopril. 
Its pharmacologic characteristics have been exten- 
sively reviewed," and the drug seems to have 
considerable “cardioprotective” properties. It ac- 
tively inhibzts circulating as well as cardiac and 
vascular corverting enzyme, with a substantial 
capacity to €ahance both coronary blood flow” and 
contractile fanction of stunned myocardium through 
a mechanisr- that is independent of prostaglandin 
synthesis.” The present investigation was con- 
ducted as < pilot study to assess the safety of 
zofenopril ¢-eliminarily to a larger trial (Survival 
of Myocardial Infarction Long-term Evaluation 
[SMILE]) dssigned to assess the clinical relevance 
of early AC& inhibition in nonthrombolyzed pa- 
tients with AMI. 

The SMI_E pilot experience was conducted as a 
controlled, multicenter, open-label trial with no 
constraints <n the participating clinicians other 
than to allocate eligible patients to investigational 
treatment. This Phase II study was conducted 
between December 1988 and March 1989 in 16 
centers. A total of 204 patients were enrolled 
according tc a common protocol for selection of 
patients, intervention, concomitant routine ther- 
apy, and foll-w-up. In keeping with the pilot nature 
of the trial, :1e research protocol was reviewed by 
the Ethics Committee of the University of Bologna, 
which appraved the study design, and patients 
were randomly assigned to receive conventional 
treatment a.one (103 patients) or oral zofenopril 
calcium in éddition to standard therapy (101 pa- 
tients). Prio- to enrollment, informed consent was 
obtained frcm each patient and the trial’s objec- 
tives were fully explained. 
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Patients were considered eligible if they satis- 
fied the following criteria: (1) the presence of 
typical chest pain accompanied by ST-segment 
elevation cf 20.1 mV in any limb lead and/or 
> (Q.2 mV in any precordial lead; (2) admission to 
the coronary care unit within 24 hours of the onset 
of symptoms; (3) age between 18 and 75 years; and 
(4) lack of an indication for thrombolytic treatment 
(late admission to the coronary care unit and/or 
individual contraindications to fibrinolytic treat- 
ment as described in the Gruppo Italiano per lo 
Studio della Streptokinasi nell’Infarto (GISSI-1) 
trial.” Patients were excluded if there was evidence 
of cardiogenic shock; persistent hypotension (sys- 
tolic blood pressure <100 mm Hg); prolonged or 
traumatic heart massage or tracheal intubation; 
left bundle branch block; major liver, pulmonary, 
and/or renal disease; coronary artery bypass within 
3 months; serious advanced illness; current treat- 
ment with ACE inhibitors; chronic treatment with 
high doses of diuretics; inability to cooperate; 
women of child-bearing age; and refusal to provide 
informed consent. The diagnosis of definite AMI 
was based on the presence of at least 2 of the 
following 3 criteria: (1) typical chest pain; (2) 
appearance of new Q waves with evolving ST or T 
changes on repeat tracings; and (3) elevation of 
total serum creatine kinase (and the MB subfrac- 
tion) to twice the upper limit of normal. 

Zofenopril calcium was initially administered by 
mouth at a dose of 7.5 mg in 2 divided doses and 
increased to 15 or 30 mg as tolerated according to 
individual pressor responses. The maximal toler- 
ated dose was then continued for the 12-month 
period of observation and was not changed after 
discharge. Recommended treatments for all pa- 
tients with no specific contraindications consisted 
of oral aspirin (300-325 mg/day) and intravenous 
atenolol administered prior to randomization at a 
dose of 5—10 mg by slow injection and according to 
First International Study of Infarct Survival (ISIS-1) 
criteria.” In subgroups of patients an estimate of 
renin—angiotensin—aldosterone activity and inva- 
sive assessment of systemic and pulmonary hemo- 
dynamics were carried out. 


CLINICAL ASSESSMENT 

Demographic, epidemiologic, and biochemical 
variables were recorded for each patient before 
randomization, after 1 week, at discharge, and 
after 1, 6, and 12 months. Systolic and diastolic 
blood pressures and heart rate were measured at 
the time of admission and 1, 2, 3, 4, 6, 12, and 24 
hours after drug administration during the first day 
of treatment. Thereafter, pressure measurements 
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were obtained daily prior to dosing up to day 7 and 
thereafter on scheduled visits during the long-term 
phase. In addition, during the acute phase of the 
trial (1-7 days), urinary volume and ventilatory 
rate were assessed every 6 hours. During the 
inhospital stay, the presence of congestive heart 
failure was determined (a) by the presence of 2 or 3 
of the following criteria: (1) a third heart sound; 
(2) bibasilar pulmonary rales; (3) pulmonary con- 
gestion on chest radiograph; or (b) exclusively by 
the need for concomitant treatment with digoxin 
and/or diuretics. New York Heart Association 
(NYHA) functional class was used to assess the 
occurrence of congestive heart failure during the 
long-term phase. Ambulatory electrocardiography 
(Holter) monitoring was used in the zofenopril- 
treated patients at 1, 6, and 12 months to detect 
ventricular arrhythmias. 

Adverse clinical as well as laboratory events 
were recorded during the acute and the long-term 
phases of the study. Side effects were reported to a 
Safety Committee within 48 hours in order to 
assess the safety profile of the drug during AMI 
and to protect the patient from any potentially 
harmful effects of therapy. The finding of >5 
different severe adverse events not previously re- 
ported in comparable clinical studies and judged by 
the ad hoc committee to be attributable to the 
study drug, and 3 reports of the same severe 
adverse event were considered grounds for discon- 
tinuing the trial. 


ASSESSMENT OF LEFT 
VENTRICULAR FUNCTION 

Two-dimensional echocardiography was per- 
formed at 1 week and after 1, 6, and 12 months of 
treatment with patients evaluated according to a 
standardized approach. For the purpose of this 
study, left ventricular end-systolic and end-dias- 
tolic diameters were directly measured, whereas 
left ventricular ejection fraction was calculated 
according to Simpson’s rule. The echocardio- 
graphic recordings for each patient were video- 
taped, immediately checked for quality, and ana- 
lyzed at the end of the study period, with all 
measurements made by the same observer at each 
center. For central quality control, a randomly 
selected sample of 25% of all the recordings was 
reviewed by an experienced and independent ob- 
server who was unaware of treatment assignment; 
the difference between originally reported and 
control readings was no greater than 4.3% for ven- 
tricular diameters and 6.2% for ejection fraction. 

In 145 patients, the examination of ventricular 
diameters was satisfactory both on admission and 


during the follow-up evaluations, whereas a reli- 
able assessment of ejection fraction was obtained 
in 108 patients. 

The hemodynamic effects of zofenopril were 
assessed in a subgroup of 10 patients who under- 
went acute cardiac catheterization to determine 
mean arterial pressure, right atrial pressure, mean 
pulmonary artery wedge pressure, cardiac index, 
stroke volume index, and systemic vascular resis- 
tance. Hemodynamic determinations were made 1 
hour before and at 0, 1, and 4 hours after the first 
dose of the drug and then at 12, 24, 36, 48, and 72 
hours, in each case immediately before dosing. 

The activity of ACE and modifications in the 
renin—angiotensin—aldosterone system in response 
to zofenopril were examined in a subgroup of 20 
clinically matched patients who were randomly 
allocated to zofenopril or placebo in addition to 
conventional treatment. Plasma renin and plasma 
aldosterone activity were measured by radioimmu- 
noassay, and ACE activity was determined by 
radioenzymatic assay using an Hyp-Gly-Gly sub- 
strate. Plasma samples for humoral determinations 
were obtained at entry and every 12 hours during 
the first week of treatment, immediately before the 
administration of the investigational drug or pla- 
cebo. 


STATISTICAL CONSIDERATIONS 

All data are expressed as means + standard 
deviation. Because it was not the purpose of the 
study to test a statistical hypothesis concerning the 
relative efficacy of zofenopril and standard treat- 
ment, traditional sample-size calculations based on 
type [ errors and power were not carried cut. After 
randomization, each patient was evaluated on an 
intention-to-treat basis and independently in terms 
of whether or not the drug was actually given. The 
chi-square test (with Yates correction when indi- 
cated) was used to compare categorical variables, 
whereas continuous variables were compared by 
analysis of variance. Analysis of variance for re- 
peated measurements was performed to compare 
blood pressure values and echocardiographic and 
hemodynamic findings. A two-tailed Bonferroni 
t-test was employed using the level of 0.05 as the 
criterion to reject the null hypothesis. 


RESULTS 

Patient data: A total of 617 consecutive pa- 
tients with suspected AMI were considered for 
study and 413 were excluded according to the 
inclusion/exclusion criteria. The patients in the 2 
study groups (zofenopril vs control) were similar in 
age, gender ratio, clinical history, and interval 
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TABLE lf Corwarision of Baseline Characteristics of the Two 
Patient Grour=* 


Zofenopril 
(n = 101) 


60.7 +9 
88/14 


Control Subjects 
(n = 103) 


61.1+8 
84/18 


Basline Characteristics 


Age (yrs) 

Sex (male/femeB) 

Clinical history °$) 
Myocardia nfarction 
Angina 
Hypertens 
Diabetes 
Hyperlipidecnia 
Smoker 
Congestive beart failure 

interval betweea-onset of 

symptoms arx drug (hr) 

Site of infarct (S. 

Anterior 
Inferior 
Lateral 
Non-Q 

Total creatine posphokinase (U/liter) 

Creatine kinase AB 

Killip class (%) 

i ; 81.8 
ii 

IIl 

Not definec 


*No statistically #nificant differences between groups. 


between the onset of pain and the concomitant 
administrati-n of cardiovascular drugs (Table II). 
No statistice differences between the two groups 
were found. 


19.8 
38.6 
32.6 


19.6 
43.9 
35.8 
14.4 
39.2 


978 + 313 
106 + 25 


934 + 298 
117 + 34 
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FIGURE 1. Effects of zofenopril administration on systolic 
blood pressure(SBP) and anglotensin-converting enzyme 
inhibition (ACE~1%). *p <0.05;**p <0.01; ***p <0.005 vs 
placebo. 





ACE-inhibition and renin—angiotensin—aldo- 
sterone response: Early administration of zofeno- 
pril resulted in a 65% inhibition of ACE activity 
after the first 2 doses of 7.5 mg. Enzyme blockade 
increased to 85-90% at the higher dose tested (30 
mg) and paralleled the decrease in systolic blood 
pressure (Figure 1) and the extent of the hyper- 
reninemic response (Figure 2). The degree of ACE 
inhibition detected in control subjects did not 
exceed 10% and had no effect on blood pressure 
values, although a significant decrease in plasma 
renin activity occurred with time in these patients 
(Figures 1 and 2). Plasma aldosterone levels were 
promptly reduced by zofenopril administration and 
followed the course of ACE blockade. 

Blood pressure: Systolic and diastolic blood 
pressures decreased significantly after 1 week and 
1 month in the zofenopril-treated subjects and 
subsequently returned to baseline levels (Figure 3). 
The magnitude of pressure reduction was compara- 
ble with both doses of zofenopril despite signifi- 
cantly lower values on admission in patients treated 
with a total dose of 15 mg (systolic 124 vs 136 mm 
Hg [p <0.005] and diastolic 79 vs 84 mm Hg 
[p <0.05])}. Severe reversible hypotension oc- 
curred in 15% of patients given zofenopril and in 
6% of control subjects but in only 2 cases did it 
require discontinuation of the ACE inhibitor and 


(pg/ml) 
50 


(% INHIBITION) 
100 
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12 24 36 48 80 72 84 
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98 108 120 


FIGURE 2. Effects of zofenopril administration on plasma 
renin activity (RENIN) and angiotensin-converting enzyme 
Inhibitory activity (ACE-I%). *p < 0.05; **p <0.01; 

ein < 0.005. 
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FIGURE 3. Acute and long-term blood pressure response 
to zofenopril administration in patients with acute myo- 

cardial Infarction. ADM = admission. **p <0.05 vs ADM; 
°p <0.05 vs control. 


specific treatment. Interestingly, the acute pressor 
response to zofenopril was not affected by the con- 
comitant intravenous administration of nitrates in 
as many as 70% of patients (Figure 4). During the 
late (postdischarge) phase, 3% of patients undergo- 
ing ACE inhibition experienced symptomatic hypo- 
tension, and in them the drug was discontinued. 
Echocardiographic changes: Left ventricular 
dimensions and ejection fraction improved after 1 
month in the zofenopril group and the improve- 
ment was maintained at 6 and 12 months of 
follow-up; no improvement was detectable in the 


FIGURE 4. Effects of Intravenous 
nitrate administration on acute (0 
to 72 hours) systemic pressor 
response In patients treated with 
zofenopril. b.l.d. = twice dally. 


0 





control group (Figure 5). This improvement in 
echocardiographic parameters was clearly en- 
hanced in patients with baseline ejection fractions 
below 40% and was not apparent in the subgroup 
with less severe ventricular compromise (Figure 6). 

Hemodynamic data: Invasive hemodynamic 
monitoring demonstrated a significant reduction in 
mean arterial pressure that was still detectable 1 
hour after zofenopril dosing and was sustained for 
the entire 3 days of observation (Figure 7). The 
pressure decline occurred along with a dramatic 
increase in cardiac index and stroke volume index, 
with no changes in heart rate. Right atrial pressure, 
pulmonary artery wedge pressure, and systemic 
vascular resistance decreased progressively, reach- 
ing significantly reduced values 36 hours after 
administration of the initial dose of zofenopril. 
Interestingly, the hemodynamic improvement was 
independent of signs of congestive heart failure on 
admission, even among patients in poorer clinical 
condition (Figure 8). 

Clinical outcomes: Cumulative cardiovascular 
mortality during the 12 months of observation was 
7.9% in the zofenopril-treated patients and 10.7% 
in control subjects, values that were not statistically 
different. The difference in mortality was attribut- 
able mainly to a lower incidence of cardiogenic 
shock (1 vs 3 patients) and sudden death (2 vs 4 
patients) in the zofenopril vs placebo groups. The 
number of fatal reinfarctions was the same in the 2 
groups (2 patients each), as was the incidence of 
electromechanical dissociation (1 patient each). 

The distribution of clinically relevant events 
recorded in the coronary care unit and during the 
12 months of follow-up is summarized in Table IMI. 
Anginal episodes were reduced by 18.2% (95% con- 
fidence interval [CI] = —28.7/—7.7% [p <0.005]) 
during the inhospital phase of the trial in patients 


SYSTOLIC 


—<~ Nitrates N=70 


sE- No Nitrates N=32 
DIASTOLIC 


15 mg 
1 2 3 4 8 12 24 36 48 60 72 
Hours after first dose of Zofenopril 


Zofenooril 7.5 mg bid. 15 mg 
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JECTION 
FRACTION 


TWIM6GMTI2M TWIM6M12M 


given the ACE inhibitor and this group had 7.3% 
fewer episoces of acute congestive heart failure 
(95% CI = —14.5/-—0.1%) and cumulative ventric- 
ular arrhythmias of borderline significance (i.e., 
sustained aad nonsustained ventricular tachy- 
cardia and ventricular fibrillation) (—11.3%; 95% 
CI = —21.9,—-0.7% [p <0.05]). No differences be- 
tween the treated patients and control subjects 
were obserrzd in ventilatory rate and urinary 
volume during the first 7 days of observation. Aside 
from angina, which was confirmed to be less 
frequent in -1e zofenopril-treated patients after 1 
year (—11.9%5; 95% CI = —21.9/—1.9 [p <0.05]), 
no significant differences were noted between the 2 
groups of pe-ients with regard to clinical outcome 
during the follow-up phase of the trial (Table IIT). 
The onset of ventricular arrhythmias, as assessed 
by 24-hour Eolter monitoring, was apparently not 
prevented by zofenopril administration (Table IV) 
in terms of tre rate of ventricular premature beats 
or the occurrence of sustained and nonsustained 
ventricular tachycardia. l 


*** 0.05, 0.005 vs. 1 week 


TN1M6M12M 
a EF% >40 (n=31) 


1W1M6M12M 








FIGURE 5. Changes in left ventric- 
ular ejection fraction (%) and left 
ventricular end-diastolic (LVEDD) 
and end-systolic (LVESD) dlame- 
ters In patients treated with 
zofenopril (Z) vs control subjects 
(C) at 1 week (W) and at 1, 6, and 
12 months (M). For ejection frac- 
tion measurements there were 
53 patients (pz) In the Z group 
and 55 In the C group. For the di- 
mension measurements there 
were 71 patients In the Z group 
and 74 In the C group. *p < 0.05; 
**p < 0.005 vs 1 week. 


Concomitant medication: The distribution of 
concomitant cardiovascular drugs in the 2 study 
groups was well balanced on admission and during 
the inhospital phase of the trial, indicating the 
highly satisfactory adherence of the investigators to 
the protocol (Table V). At the planned 12-month 
follow-up, the use of oral nitrates and calcium 
antagonists was significantly greater in the control 
group, who also exhibited a greater need for 
digoxin and diuretic therapy. 

Adverse reactions: No major, unexplained ad- 
verse events were reported during either the early 
or the late phases of the study. Cutaneous rash (2 
cases), reversible renal failure (2 cases), protein- 
uria (2 cases), reversible cough (1 case), and 
persistent hiccup (1 case) were observed in the 
zofenopril group. Treatment with zofenopril was 
not associated with significant changes in the pa- 
tients’ biochemical profiles in the hospital or dur- 
ing the 12 months of observation. In particular, 
renal function (urea, plasma creatinine, and glomer- 
ular filtration rate) remained unchanged, as did 


FIGURE 6. Changes in left ventric- 
ular ejection fraction (EF%) and 
left ventricular end-diastolic 
(LV.E.D.D.) and left ventricular 
end-systolic (LV.E.S.D.) dlame- 
ters In patients treated with 
zofenopril at 1 week (w) and at 1, 
6, and 12 months (m). *p <0.05; 
**0.005 vs 1 week. 


ITWIM6M12M 
% EF% <40 (n=22) 
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FIGURE 7. Acute (0 to 72 hours) effects of zofenopril on 
invasively determined mean arterial pressure (M.A.P.), 
heart rate (H.R.), cardiac Index (C.L), stroke volume Index 
(SVI), systemic vascular resistance (S.V.R.), right atrial 
pressure (RAP), and pulmonary wedge pressure (PWP). 
*p <0.05; **p <0.005 vs 0. 
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FIGURE 8. Acute (0 to 72 hours) changes In cardiac Index 
in patients with (Killip class Hi or ili) or without (Killip class 
I) congestive heart fallure on admission who were treated 
with zofenopril. 





TABLE III Major Clinical Events During Inhospital and 
Long-Term Phases 


Inhospital (%) 12 months (%) 


Zofenopril Controls (%) Zofenopril Controls 
(n= 101) (n=103) (n=92) (n= 91) 


Angina 8.9 i 9.8 vA N daia 
Reinfarction 1.9 ; 2.1 4,3 
Congestive heart failure 3.9 ; 2.1 3.9 
Pericarditis 7.9 ; — ao 
Ventricular arrhythmias 11.9 . — — 
Coronary artery bypass 

graft R9 5.9 
Percutaneous translu- 

minal coronary angio- 

plasty 


*p <0.01; tp <0.05. 


total plasma proteins, plasma potassium, and white 
blood cell and platelet counts. 


DISCUSSION 

The purpose of this pilot study was to assess the 
safety and clinical efficacy of early ACE inhibition 
in patients with AMI who were not undergoing 
thrombolytic treatment. A significant reduction in 
acute congestive heart failure, ventricular arrhyth- 
mias, and anginal episodes was observed during 
hospitalization of the zofenopril-treated patients. 
These patients also showed progressive improve- 
ment in ventricular function and less need for 
digoxin and diuretics during the 12 months of 
observation, when compared with control subjects. 
The occurrence of side effects was negligible, and 
no major adverse reactions were reported during 
the trial. The potential benefits of ACE inhibition 
in preventing the progressive deterioration of car- 
diac function after AMI has been documented in 
experimental studis in animals*” and supported 
by data from recent clinical investigations.” The 
favorable effect of these drugs seems to reside in 
their ability to maintain cardiac output despite 
reduced ventricular sizes.” 

Our preliminary experience with the use of 
zofenopril early after AMI can be considered 
favorable. Inhospital cardiovascular mortality in 
treated patients (4.9%) did not significantly exceed 
that reported in control subjects in either the 
present study (6.8%) or previous clinical trials 
involving comparable populations (range 7.1- 
9.7%). Further, 1-year mortality was below that 
reported in GISSI-I in which the mortality was 
14.3% for a cohort of patients <75 years of age 
with uncomplicated infarction who closely resem- 
bled our population.” 

Clearly, the number of patients in our study was 
too small to allow any statistically significant conclu- 
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TABLE IV Percentage of Patients with Ventricular Arrhythmias 
During Long-~arm Treatment with Oral Zofenopril After Acute 
Myocardial infarction: Results of 24-hour Dynamic 
Electrocardioz-aphic Monitoring 


1 Week 
{n = 94) 


1 Month 
(n = 90) 


6 Months 
{n = 84) 


VPBs > 50/-~ 
Couplets 
Nonsustaine= VT 
Sustained V~ 


VPBS = ventricear premature beats; VT = ventricular tachycardia. 


sions to be reached about the ability of zofenopril 
to reduce rpostinfarction cardiovascular mortality. 
However, it was of interest that the early adminis- 
tration of zfenopril was associated with fewer 
instances of congestive heart failure during the 
inhospital pase. These findings are well in keep- 
ing with arimal datat and human observations 
with regard -o a beneficial role for ACE inhibitors 
in patients v.th heart failure complicating AMI.“ 
Moreover, zarly ACE inhibition was associated 
with fewer anginal episodes overall, as reflected in 
the decreas2d need for nitrates and calcium antag- 
onists during the extended phase of the study. We 
speculate that these interesting effects in patients 
with AMI might result from the improvement in 
ventricular performance achieved with zofenopril 
therapy, even though a primary anti-ischemic effect 
of ACE inhibitors due to their coronary vasodilat- 
ing propertizs’*” has been described in patients 
with chronic-coronary heart disease.” 

Similarly, the fact that fewer of the treated 
patients exp2rienced ventricular arrhythmias dur- 
ing their haspitalization could further reflect the 
overall hem=dynamic improvement associated with 
zofenopril therapy. This interpretation is sup- 
ported by =revious evidence of a reduction in 
ventricular arrhythmias after contractile perfor- 
mance improved in patients with congestive heart 
failure whe were treated with ACE inhibitors.’ 
However, tke results of long-term ambulatory mon- 
itoring of ce>diac rhythm show that zofenopril has 
no direct suz pressive effect on electrical instability 
(Table IV). Dbviously, the role of zofenopril as a 
primary an-:arrhythmic agent early during AMI 
cannot be zuled out. In an experimental study, 
Westlin and Mullane” reported that the use of 
ACE inhibi>rs with sulfhydryl groups (i.e., capto- 
pril, zofenopzil) can reduce the incidence of ventric- 
ular arrhyttmias after myocardial reperfusion in- 
jury. However, despite these findings, no data are 
available to prove that ventricular arrhythmias are 
suppressed >y these agents in the absence of 
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TABLE V Concomitant Medication During Inhospital and 
Long-Term Phases 


Inhospital 12 months 
Controls 
(%) 
(n = 91) 


Controls 
(%)} 
(n = 103) 


Zofenopril 
(%) 
in = 101) 


69.3 
11.8 

6.9 
73.2 


Zofenopril 
(%) 
(n = 92) 


Nitrates 

Calcium antagonists 
Beta blockers 
Antiplatelet agents 
Diuretics 9.9 
Digoxin 2.0 


*p <0.05, 


reperfusion damage or impairment of ventricular 
contractility. 

In terms of safety, the potential dangers of the 
use of ACE inhibitors early in the course of AMI is 
an unpredictable reduction in blood pressure dur- 
ing the acute phase of the disease, when activation 
of the renin—angiotensin—aldosterone system can 
vary widely among patients. In this study, the 
overall percentage of patients with mean arterial 
pressures <70 mm Hg during the first week of 
treatment with zofenopril did not exceed 15% (6% 
in control subjects), and treatment had to be dis- 
continued in only 2% of zofenopril-treated patients 
(in whom intravenous nitrates were administered 
simultaneously} because of severe hypotension de- 
spite the concomitant intravenous administration 
of nitrates. Interestingly, the initial hypotensive 
effect of ACE inhibition was not intensified by the 
nitrate therapy, and the hypotensive effect gradu- 
ally diminished during the follow-up, disappearing 
after 6 months of treatment. These findings con- 
trast with previous reports in which the incidence 
of severe hypotension ranged from 21% to 50% in 
patients treated with ACE inhibitors soon after 
AMI.”'* However, these earlier studies involved a 
smaller number of subjects who showed overt signs 
of congestive heart failure complicating their infarc- 
tion; thus, they can hardly be compared with the 
patients in the present investigation. 

Since the description by Pfeffer et al’ of long- 
term therapy with ACE inhibitors in rats and its 
favorable effect on the loading conditions of the 
left ventricle and reduction of progressive ventricu- 
lar enlargement, many experimental and clinical 
studies addressing the same issue have reached 
comparable conclusions.” For the most part, 
the observation that early treatment with zofeno- 
pril prevents ventricular enlargement in patients 
with AMI is largely consistent with previous find- 
ings in patienis with asymptomatic ventricular 
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dysfunction after myocardial infarction who were 
studied by either echocardiographic or invasive 
methodologies.” However, our observation that 
the reduction in ventricular dilation is almost 
complete after 1 month of treatment differs some- 
what from the findings of Sharpe et al’ who 
reported a diminution of ventricular dilation over 
12 months of captopril therapy. Interestingly, the 
benefit of treatment is apparently limited to pa- 
tients with lower ejection fractions (Table II) in 
keeping with available clinical data,°’ and appears 
to be unrelated to infarct location, although the 
anterior wall is involved in as many as 65% of 
patients with compromised left ventricular func- 
tion. 

We suggest that hemodynamic and clinical im- 
provement can be achieved by the early administra- 
tion of ACE inhibitors mainly in patients with 
poorer ventricular function. The advantage of start- 
ing treatment during the acute phase of AMI is 
that it may promptly prevent the increase in left 
ventricular volume that can occur even in the 
absence of overt clinical findings and that can be 
only partially and progressively limited when treat- 
ment is begun during the subacute phase of the 
disease. 

Echocardiographic findings were highly consis- 
tent with the hemodynamic changes seen in the 
subgroup of patients who underwent cardiac cathe- 
terization after zofenopril administration. The ob- 
served improvement in ventricular function as well 
as in the systemic and pulmonary hemodynamic 
profiles matched that reported in the literature for 
patients who have had congestive heart failure and 
complications of AMI*’*” and seems to apply to 
patients without this complication as well, thus 
confirming the crucial role of early ACE inhibition 
in preventing deleterious acute left ventricular 
overloading. 

Despite the improved hemodynamic response, 
the results of the present study did not permit any 
conclusions about the ability of ACE inhibitors to 
limit the incidence of congestive heart failure, 
which was only slightly decreased by ACE inhibi- 
tion during the 12 months of observation (3.9 vs 
2.1% [difference not significant]). This failure can 
be attributed chiefly to the low rate of congestive 
heart failure during the first year after AMI, which 
was estimated not to exceed 6%.” In addition, the 
greater need for digoxin and diuretic therapy 
among the control subjects (Table IV) could have 
interfered with the ability to demonstrate a differ- 
ence between groups of patients evaluated exclu- 


sively on the basis of NYHA functional class after 1 
year of observation. Obviously, we can draw no 
firm conclusion about the ability of ACE inhibitors 
to prevent congestive heart failure, an issue that is 
being addressed by the Survival and Ventricular 
Enlargement trial, an ongoing multicenter clinical 
trial that should provide important data on the 
clinical consequences of primary treatment of pa- 
tients with asymptomatic ventricular dysfunction 
by ACE inhibition. 

Zofenopril was well tolerated, and adverse events 
were few and well within the expected range, with 
no reports of severe and unexplained adverse 
events. This is in agreement with previous reports 
emphasizing the negligible occurrence of untoward 
effects in patients with hypertension or congestive 
heart failure chronically treated with ACE inhibi- 
tors.’””’ The presence of hemodynamic compro- 
mise as well as early administration of the drug in 
the course of AMI and the effect of concomitant 
treatment do not seem to modify the safety profile 
of zofenopril. Its dual route of excretion—hepatic 
and renal—could represent an important safety 
feature in patients with AMI. 

In conclusion, treatment with zofenopril in pa- 
tients in the early stage of AMI who are not 
undergoing thrombolysis can be considered to be 
reasonable. It appears to be safe and well-tolerated 
and improves ventricular hemodynamics, both 
acutely and over the long term, primarily in pa- 
tients with poorer ventricular function. Unfortu- 
nately, the clinical relevance of such treatment 
could not be assessed by this pilot study; however, 
it does offer sufficient evidence of benefit to justify 
a large-scale investigation. SMILE is now enrolling 
about 2,000 patients with no history of congestive 
heart failure who are not undergoing thrombolytic 
treatment. Subjects are randomized to zofenopril 
or placebo within 24 hours after the onset of 
symptoms of AMI. SMILE and JSIS-4 should pro- 
vide important information about the role of early 
ACE inhibition per se in patients with early AMI. 
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_ Early Intervention with Angiotensin-Converting 

_ Enzyme Inhibitors During Thrombolytic Therapy 

in Acute Myocardial Infarction: Rationale and 
Design of Captopril and Thrombolysis Study 


Wiek H. van Gilst, Pho and J. Herre Kingma mp, PhD, for the 
CATS Investigators Group* 


The adjunctive use of angiotensin-converting en- 


zyme (ACE) inhibitors with thrombolytic therapy 
early during acute myocardial infarction offers 
theoretic advantages. In the acute phase, capto- 
pril may scavenge free radicals, blunt the cate- 
cholamine response, elicit coronary vasodilation, 
and increase prostacyclin and bradykinin levels. 
in the chronic phase, ventricular remodeling may 
be attenuated. At present, a large number of con- 
trolled clinical trials mainly focusing on the ef- 
fects of ACE inhibition in the chronic phase are 
underway. Only a few studies concentrate on the 
effect of acute intervention with ACE inhibitors in 
ischemia—repertfusion, i.e., thrombolysis in myo- 
cardial infarction. 

in April 1990 under auspices of the Interuni- 
versity Cardiology Institute of the Netherlands, a 
large nationwide acute intervention trial with cap- 
topril in 280 patients receiving thrombolytic ther- 
apy was started, the Captopril and Thrombolysis 
Study (CATS). The primary hypothesis of CATS 
supposes a very early effect of ACE inhibition on 
evolving myocardial damage due to ischemia and 
the consequences of eariy reperfusion. This will 
be evaluated by serial echocardiography, Holter 
monitoring and neurohumoral measurements im- 
mediately on thrombolysis and during the first 
year after myocardial infarction. 

(Am J Cardiol 1991;68:111D--115D) 
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sin—aldosterone system is activated following 

acute myocardial infarction. This activation 
may be associated with serious ventricular arrhyth- 
mias,' the extension of myocardial damage,’ and 
the development of heart failure.’ Therefore, it was 
suggested that pharmacologic blockade of the re- 
nin—angiotensin system by inhibitors of the angio- 
tensin-converting enzyme (ACE) such as captopril 
and enalapril may lead to an improvement in the 
clinical outcome of myocardial infarction.’” Clini- 
cal experience has been limited to patients with 
acute myocardial infarction with symptomatic left 
ventricular failure. Two recent studies demon- 
strated a beneficial effect of captopril on symptom- 
less ventricular dysfunction after transmural myo- 
cardial infarction, but in each case treatment was 
started between 1 and 6 weeks after the clinical 
event,” 

Most of the data on the effect of ACE inhibitors 
in acute myocardial infarction have been derived 
from animal experiments. These indeed showed 
beneficial effects,™ but there is still some contro- 
versy.” It has been shown in both the isolated rat 
heart and a closed-chest pig model that captopril 
can reduce myocardial damage during reperfusion 
after myocardial ischemia.’ In the clinical set- 
ting, reperfusion can be achieved by early institu- 
tion of thrombolytic therapy, leading to reduction 
in infarct size, improvement in myocardial func- 
tion, and reduction in mortality.” However, de- 
spite these obvious benefits, many investigators 
have been debating whether reperfusion itself may 
sometimes cause myocardial injury, thereby blunt- 
ing the beneficial effect. Therefore, agents that 
will minimize myocardial injury following thrombol- 
ysis and prevent subsequent increase of infarct size 
should be investigated.” 

Furthermore, the process of dilation of the left 
ventricle in the chronic phase following myocardial 


|: has been established that the renin—angioten- 
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infarction 5 an important predictor of patient 
morbidity end survival. Echocardiographic studies 
have demcastrated that thinning and dilation of 
the infarcted myocardium can occur in the clinical 
situation dcring the first few months after acute 
myocardial infarction." Infarct expansion may 
forebear myocardial rupture and aneurysm forma- 
tion,” and r2ntricular dilation is the most powerful 
predictor of mortality in patients after acute myo- 
cardial infarction, as was shown by White et al.” 

Two separate studies have demonstrated that 
treatment wath captopril in asymptomatic patients 
at least 1 week after sustained myocardial infarc- 
tion and wich an ejection fraction of <45% can 
beneficially .nfluence this process of remodeling.’* 
A reductioz in left ventricular dilation was found 
after 1 year of treatment, leading to improvement 
of myocarc:al function. It is only reasonable to 
assume that eventually survival will also improve, 
and this wa3.also shown in the experimental model. 

Therefor2, captopril appears to be very promis- 
ing as a cardioprotective agent both in the early 
ischemia reperfusion phase and in the later stages 
of myocardial infarction. At present, a large num- 
ber of contlled clinical trials mainly focusing on 
the effects cf ACE inhibition in the chronic phase 
is underwar Only a few studies have concentrated 
on the eff=ct of acute intervention with ACE 
inhibitors im ischemia—reperfusion, i.e., thromboly- 
sis in myoce-dial infarction. 

In April 1990 under auspices of the Interuniver- 
sity Cardiol-gy Institute of the Netherlands (ICIN), 
a large natsonwide acute intervention trial with 
captopril im 280 patients receiving thrombolytic 
therapy was started, the Captopril and Thromboly- 
sis Study “CATS). The primary hypothesis of 
CATS supposes a very early effect of ACE inhibi- 
tion on evc:ving myocardial damage due to isch- 
emia and tre consequences of early reperfusion. 
This will be evaluated by serial echocardiography, 
Holter monitoring, and neurohumoral measure- 
ments immediately following thrombolysis and dur- 
ing the firstwear after myocardial infarction. 


CAPTOPRIL. AND THROMBOLYSIS PILOT STUDY 
In the CaTS pilot study, clinical and neurohu- 
moral effects of oral captopril were studied in 57 
patients wiz1 acute myocardial infarction treated 
with intravenous streptokinase within 6 hours after 
onset of syr-ptoms.” Patients received either 3 mg 
or 6.25 mg of captopril orally or no treatment. 
Captopril wes administered within 30 minutes after 
the start of streptokinase infusion. After both the 3 
mg and the 5.25 mg doses, mean arterial pressure 


112D THE AAERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


decreased significantly. This decrease was compa- 
rable with the control group. In an earlier dose- 
finding study, safety and efficacy of intravenous 
captopril was investigated. However, all 8 patients 
receiving intravenous captopril (dose range 0.5- 
12.5 mg/15 min) showed very profound but short- 
lasting decreases in mean arterial pressure (from 
109 to 45 mm Hg), despite reduction of dose and 
infusion rate.” 

Hypotension is frequently observed during 
thrombolysis by streptokinase alone,” as was also 
noted in the control group of the CATS pilot. 
Streptokinase promotes the conversion of plasmino- 
gen into plasmin, which in turn generates bradyki- 
nin from high-molecular-weight kininogen by acti- 
vating the conversion of prekallikrein into 
kallikrein.” The pronounced decrease in blood 
pressure after comedication with intravenous cap- 
topril may be due to interaction between streptoki- 
nase and captopril through potentiation of bradyki- 
nin both by streptokinase and captopril.” 

Interestingly, despite the decrease in blood 
pressure after captopril, there was no increase in 
heart rate after either intravenous or oral adminis- 
tration. This is in agreement with the observation 
that no significant increase of norepinephrine lev- 
els occurred after intravenous captopril, despite 
profound drops in mean arterial pressure. Norepi- 
nephrine levels decreased significantly 60 minutes 
after either 3 mg or 6.25 mg of oral captopril. The 
finding of decreased norepinephrine levels may be 
of clinical significance, since it has been suggested 
that the magnitude of sympatheticoadrenal activa- 
tion early in the course of clinical acute myocardial 
infarction is related to the extent of myocardial 
damage and late mortality.” Increased baseline 
levels of norepinephrine, which have been demon- 
strated after myocardial infarction,” were also 
found in the CATS pilot study before treatment 
was started. Norepinephrine levels may further 
increase during thrombolysis and subsequent reper- 
fusion, as was shown in our animal experiments.’ 
Eventually, this reduction may beneficially influ- 
ence the clinical outcome of acute myocardial 
infarction, as shown earlier with B adrenergic 
blocker treatment.” 

Recently, Nabel et al* reported data on 38 
patients treated with recombinant tissue plasmino- 
gen activator after the onset of myocardial infarc- 
tion who were randomized to either intravenous 
followed by oral captopril or placebo therapy. 
Exact timing of first dose was not clearly stated but 
was at least 90 minutes after start of thrombolytic 
therapy. Compared with the placebo-treated group, 
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the captopril-treated group had significant reduc- 
tions at day 7 in left ventricular end-diastolic 
pressure and mean systemic arterial pressure. Al- 
though left ventricular ejection fraction did not 
differ between groups at day 7, left ventricular 
end-diastolic volume increased significantly in pla- 
cebo-treated patients but decreased slightly in the 
captopril-treated group. Although captopril was 
given intravenously, no significant changes in blood 
pressure were observed in the acute phase. This 
underscores that the typical blood pressure re- 
sponse of intravenous captopril during streptoki- 
nase is probably directly related to a neurohumoral 
interaction with streptokinase. 


STUDY DESIGN 

CATS enrolled its first patients in April 1990 in 
10 academic and nonacademic hospitals (Appen- 
dix) in the Netherlands and is projected to include 
280 patients by the end of 1991. In April 1991, 170 
patients were enrolled. The patient follow-up pe- 
riod is 1 year. 

Patients: A total of 280 patients presenting 
with a first anterior myocardial infarction and 
eligible for thrombolytic therapy (streptokinase, 
1.5 x 10°IU in 30 minutes) within 6 hours after the 
onset of symptoms will be enrolled. Selection 
criteria include the presence of characteristic symp- 
toms of acute myocardial infarction and ST- 
segment elevation of at least 1 mm in leads I and 
AVL and/or 2-mm ST-segment elevation in 2 or 
more precordial leads of the 12-lead electrocardio- 
gram, compatible with anterolateral, anteroseptal, 
and/or anterior wall infarction. 

Patients are excluded if using an ACE inhibitor 
or if severe renal insufficiency (serum creatinine 
> 300 pmol - L~’), severe hypertension or hypoten- 
sion (systolic blood pressure >200 mm Hg or 
< 100 mm Hg; diastolic blood pressure > 120 mm 
Hg or <60 mm Hg), signs and symptoms of severe 
heart failure (Killip class III or IV), or serious 
systemic disease are present, or if contraindica- 
tions to thrombolytic therapy exist. 

Primary end points: 

1. Left ventricular end-systolic and end-dias- 
tolic volumes determined by serial echocardiog- 
raphy within 12 hours after start of study medica- 
tion and on days 3 and 7 and months 3 and 12. 

2. Ventricular arrhythmias, i.e., ventricular 
tachycardia/fibrillation and accelerated idioventric- 
ular rhythm, assessed by ambulatory electrocardio- 
graphic monitoring (Holter) during the first 6 
hours after admission and during 24 hours after 6 
days and after 3 months. 


3. Neurohumoral activation [(nor)epinephrine, 
plasma renin activity] in the acute phase (60 
minutes, 12 hours, daily until the 5th day after start 
of study medication). 

Secondary end points: 

1. Nuclear left ventricular ejection fraction at 
rest after 3 months; 

2. Coronary event rate during follow-up [mortal- 
ity, reinfarction, development of unstable angina 
pectoris and the performance of percutaneous 
transluminal coronary angiography (PTCA) and 
coronary artery bypass grafting (CABG)]; 

3. New York Heart Association functional class; 

4. Exercise tolerance by serial graded-exercise 
tests; 

5. Infarct size, calculated by computer analysis 
of serial creatine kinase (CK) and a-hydroxybu- 
tyrate dehydrogenase determinations. 

Treatment protocol: After admission to the 
coronary care unit, 1.5 x 10° IU of streptokinase is 
administered by continuous intravenous infusion 
during 30 minutes. Nitrates are withheld during 
the initiation of treatment and are only allowed on 
specified indication. Double-blind medication is 
initiated 30 minutes after start of the streptokinase 
infusion if systolic blood pressure is stable and 
> 100 mm Hg. If systolic blood pressure is < 100 
mm Hg, the initiation of double-blind medication 
can be delayed for a maximum of 1 hour following 
start of streptokinase infusion. Initially, an oral 
dose of 6.25 mg is given, followed by titration as 
follows: 4 hours: 6.25 mg; 8 hours: 6.25 mg; 16 
hours: 12.5 mg; 24 hours: 25 mg. 


Dose titration continues if systolic blood pressure, 
determined immediately prior to the next sched- 
uled dose of study medication, is >95 mm Hg. At 
lower systolic blood pressure, study medication is 
withheld until the next dosing time. 

The target maintenance dose of double-blind 
study medication is 25 mg three times daily for 12 
months. During the 12 months of double-blind 
therapy, concomitant therapy with calcium antago- 
nists, B blockers, or nitrates will only be instituted 
for specific indications. 

Blood pressure and heart rate are monitored 
during the first hours with an automatic cuff blood 
pressure measurement device (Dynamap) with 
digital printout every 3 minutes during the first 
hour. 


DISCUSSION 

The adjunctive use of ACE inhibitors with 
thrombolytic therapy early during acute myocar- 
dial infarction offers theoretic advantages both in 
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the acute end in the chronic phases. In the early 
phase, capiopril may combine several desirable 
effects: it c=n scavenge free radicals, it may blunt 
the catechczamine response, it can elicit coronary 
vasodilation. and it can stimulate beneficial auta- 
coids such <3 prostacyclin and bradykinin. Further, 
in the chronic phase ACE inhibitors may diminish 
left ventriclar volume, prevent ventricular dila- 
tion, and in->rove patient survival. The CATS pilot 
has shown that at least part of these advantageous 
effects in tre acute phase are demonstrable in the 
clinical sett ag of myocardial infarction followed by 
reperfusion” 

At prese=t, a large number of controlled clinical 
trials investzgating the possible beneficial role of 
ACE inhibitors in acute myocardial infarction are 
being performed. The number of patients who will 
be included in these trials is estimated to be more 
than 75,000. Therefore, many of the questions 
related to tis interesting topic may be resolved in 
the next 2 years. The hypothesis on which most of 
these studies are based supposes that the conse- 
quences of myocardial infarction, including remod- 
eling and nearohumoral activation, may be blunted 
by ACE inbDition. At present, it is not clear which 
patients wi: benefit most from this intervention 
and, seconc, what is the most appropriate moment 
to start treatment. Most trials underway should be 
regarded mare as secondary prevention trials rather 
than acute mtervention trials. The primary hypoth- 
esis of CATS supposes a very early effect of ACE 
inhibition ca evolving myocardial damage due to 
ischemia ard the consequences of early reperfu- 
sion. Therefore, the results of CATS may be of 
paramount importance because its outcome may 
provide corplementary information to the large 
secondary pzevention trials, such as the Survival 
and Ventricalar Enlargement (SAVE) study. 
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Serial Changes in Left Ventricular Size After 
Acute Myocardial Infarction 


Georg Ertl, mD, Peter Gaudron, mb, Christoph Eilles, Mp, and Kurt Kochsiek, MD 


The prognosss is poor for patients with left ven- 
tricular enlacgement associated with large in- 
farcts. We saudied 78 patients using gated single- 
photon emission computed tomography (SPECT, 
to assess leit ventricular volumes), right heart 
catheterization (to measure pulmonary wedge 
pressure ana cardiac output), and conventional 
planar radiaauclide ventriculography (to estimate 
ejection fraction), 2-6 days, 3-5 weeks, and 5-8 
months afte: their first myocardial infarction. Pa- 
tients were =ssigned to a large or small infarct- 
size group based on creatine kinase analysis. In 
37 patients with large infarcts, left ventricular 
volume increased and was > 27% after 5-8 
months than-after 2-6 days (p < 0.05). Although 
ejection fraction remained significantly de- 
pressed, streke volume, which initially declined, 
was restore as a result of dilation and thus re- 
turned to namal by 3-5 weeks, indicating that 
enlargements of the left ventricle compensated 
for the loss af contractile myocardium and de- 
pression of Slobal ejection fraction. The progres- 
sive nature ef left ventricular dilation suggested 
that this pracess is of major pathophysiologic 
importance znd that it plays an etiologic role in 
the genesis bf heart failure and perhaps of sud- 
den death fc Rowing myocardial infarction. Dila- 
tion preceded hemodynamic deterioration, which 
became evic=nt on exercise after 5-8 months in 
patients witk large infarcts. 

(Am J Cardiol 1991;68:116D~—120D) 
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in heart volume in various cardiac diseases 

and using morphologic methods defined 
their pathophysiologic importance. He described 
the transition from concentric to eccentric hypertro- 
phy (dilation) of the heart and suggested that 
beyond a certain point, dilation may not be function- 
ally compensatory in accord with the Frank- 
Starling concept, but instead represented “plasti- 
sche Gefugedilatation,” i.e., plastic structural 
dilation. In addition, he suggested that connective 
tissue played an important role in cardiac dysfunc- 
tion during structural changes leading to heart 
failure. Noting the close relation between the 
incidence of myocardial infarction and left ventric- 
ular dilation, Hort, a collaborator of Linzbach, 
characterized left ventricular volume changes soon 
after myocardial infarction. He ligated the coro- 
nary arteries of rats and found a relation between 
the duration of survival after coronary occlusion 
and left ventricular volume. In experiments involv- 
ing coronary ligation for variable periods of time 
and subsequent reperfusion, he showed that in- 
farct size depended on the duration of ligation and 
that left ventricular volume depended on infarct 
size. He concluded that the mechanism responsible 
for left ventricular dilation after myocardial infarc- 
tion was the loss of postmortem contracture of 
infarcted tissue. Noninfarcted residual tissue was 
considered not to become dilated. 

More recently, in vivo left ventricular dilation 
has been analyzed and the concept of infarct 
expansion has been developed.’ Infarct expansion 
adversely influences prognosis: The recognition, 
pathology, and significance of this phenomenon 
are reviewed in this supplement by Weiss and 
Shapiro.* However, as discussed in several other 
contributions tc this supplement, left ventricular 
dilation encompasses infarct expansion as well as 
eccentric and concentric hypertrophy of residual 
noninfarcted myocardium.” 

Several studies have consistently demonstrated 
the prognostic significance of overall heart size or 
left ventricular size in patients who have had a 


o years ago, Linzbach’ described changes 
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myocardial infarction.® Postinfarction prognosis is 
determined by many factors, including the extent 
of coronary heart disease, previous myocardial 
infarction, gender, hypertension, and diabetes.” 
More recently, it has been reported that therapy, 
too, can improve prognosis.’ In part, the effects of 
these factors may be manifested by changes in left 
ventricular volume that ultimately occur after myo- 
cardial infarction. However, the fact that determi- 
nants of left ventricular function such as ejection 
fraction or end-systolic volume measured early 
after a first infarction are strong prognosticators”’ 
suggests that the extent of the initial insult plays a 
major role, as shown by Pfeffer in the rat.” This is 
supported by the observation that the extent of the 
infarct as estimated by creatine kinase (CK) analy- 
sis in patients is a strong determinant of long-term 
survival.” 

The reasons for the higher mortality among 
patients with left ventricular dilation after myocar- 
dial infarction are not well understood. Data from 
the Framingham study have shown that heart 
failure ensues in 14% of patients within 5 years of 
their infarction (average 2.3% per year) and it is 
likely that patients with dilated hearts are more 
prone to this complication than those with normal- 
sized hearts.” Patients with postinfarction heart 
failure have a particularly poor outcome. Cardiac 
dilation has been shown to predispose to arrhyth- 
mias,” and sudden death is prominent in infarct 
patients with left heart dilation. In fact, White 
and associates” showed that the finding of an 
enlarged left ventricle 1-2 months after infarction 
had considerable prognostic value and reported 
that 70% of cardiac deaths in their patient popula- 
tion were sudden. Thus, the impact of left ventricu- 
lar dilation on prognosis after myocardial infarc- 
tion appears not to be related entirely io the 
clinical syndrome of heart failure. 


SERIAL CHANGES IN LEFT VENTRICULAR 
VOLUME 

Our understanding of the pathophysiologic im- 
portance of left ventricular volume after myocar- 
dial infarction was greatly enhanced by the observa- 
tion that ventricular dilation is progressive in 
nature. In experimental animals and in patients 
with adverse clinical outcomes, left ventricular 
volume increases during the chronic phase of 
myocardial infarction after the healing and scar- 
ring processes are complete.“ Serial changes in 
left ventricular size after acute myocardial infarc- 
tion and their prognostic significance have been 
studied by Kostuk and associates” using plain 


roentgenography to determine left ventricular size. 
Later, angiographic assessment showed that even 
slight changes in volume, i.e., those not detectable 
on chest radiographs, were of prognostic impor- 
tance.” In addition, thrombolytic therapy,’ ni- 
trates,” B adrenergic receptor blockers,” and angio- 
tensin-converting enzyme (ACE) inhibitors”” 
might have altered hemodynamics, left ventricular 
volume, and prognosis after infarction. More re- 
cently, serial changes in left ventricular volume 
have been evident on planar radionuclide ventricu- 
lography or echocardiography 1 day to 1 year after 
the acute infarction. Although the accuracy of 
these methods has been questioned, these studies 
suggest that early and progressive left ventricular 
dilation occurs commonly in patients with acute 
myocardial infarction.” To understand better the 
process of left ventricular enlargement and its 
hemodynamic consequences that may ultimately 
influence mortality, we studied serial changes in 
left ventricular volume during a 3-year period 
following acute myocardial infarction. The data for 
observations up to 6-8 months are presented here. 


METHODS 

Patients with clinically, electrocardiographi- 
cally, and enzymatically confirmed first myocardial 
infarctions were entered after giving informed 
consent. Those >70 years of age and those with 
unstable hemodynamics or arrhythmias present 
3—6 days after the infarction were excluded. Serial 
blood samples were obtained during the first 3 days 
after infarction to measure CK and estimate infarct 
size. CK analysis was used to distinguish patients 
with small versus large infarcts. Coronary and left 
ventricular angiography was performed 3-5 weeks _ 
after the event and the akinetic and dyskinetic 
segments observed on angiography correlated well 
with infarct size as estimated by CK analysis.” 

Left ventricular volume was measured by gated 
single photon emission computed tomography 
(GASPECT). This technique has previously been 
described and compared with left ventricular an- 
giography in patients after myocardial infarction 
(n = 44; r = 0.97; p <0.001).° In our hands, 
GASPECT has been superior to echocardiography 
and conventional radionuclide angiography for 
measuring left ventricular volumes, especially when 
regional contraction abnormalities were present.” 
Left ventricular ejection fraction was determined 
by conventional radionuclide angiography. Pulmo- 
nary artery and capillary wedge pressure and cardiac 
output were measured using Swan-Ganz catheters 
and a thermodilution technique. We considered it 
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important tc measure left ventricular intracavitary 
volume, ejeczion fraction, and stroke volume by 
independent methods, since a major purpose of 
this study wes to clarify the relation between these 
parameters curing left ventricular remodeling. Mea- 
surements were completed and analyzed 2-6 days, 
3-5 weeks, and 5-8 months after hospital admis- 
sion for myocardial infarction. Follow-up studies 
are planned =t 18 months and 3 years. 

Patients were divided into 2 groups based on 
infarct size zs determined by CK analysis: 39 were 
considered -3 have small infarcts and 37, large 
infarcts. The-apy was not controlled by the study 
design. There were no differences in gender, age, 
or therapy between the 2 groups (large and small 
infarcts) at the time of recruitment, and the inci- 
dence of risk factors was similar except that diabe- 
tes mellitus ~as more prevalent in the group with 
large infarcts Only a small fraction of patients with 
large infarcts received ACE inhibitors and digitalis 
at the time =f entry; however, 15% of this group 
received ACE inhibitors and 31% digitalis during 
the last 5 to £ months of the study. No patient had 
clinical evidence of heart failure. 


RESULTS AND DISCUSSION 

Arterial =ressure, heart rate, and pulmonary 
capillary wedge pressures were similar in both 
groups (pati=nts with large and small infarcts) and 
did not charge over the course of the observations 
(Table I). Left ventricular ejection fraction was 
reduced in patients with large infarcts and was 
significantly lower than in patients with small 
infarcts botz 3-5 weeks and 5-8 months after 
infarction. However, this variable did not change 
significantly over time in either group. Left ventric- 
ular end-diaxiolic volumes were normal and similar 
in patients ~.th large and small infarcts early (2-6 
days) after the event. Although left ventricular 
end-diastolic volume increased progressively in 
patients with large infarcts, it remained stable and 
even decreased during the later phase of observa- 
tion in those with small infarcts. Thus, patients 
with large mfarcts developed significantly larger 
volumes wiin 3-5 weeks and increased to 8 
months, corzpared with those who had small in- 
farcts. End-systolic volumes showed a similar in- 
crease in pé-ients with large infarcts. Stroke vol- 
ume was recuced in patients with large infarcts 2-6 
days after infarction, but returned to normal by 3-5 
weeks after infarction. Stroke volume did not 
change in tæ patients with small infarcts at any 
time. Thus. stroke volume was similar in the 
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TABLE I Hemodynamic and Left Ventricular Volume 
Measurements in 37 Patients with Large* Myocardial Infarcts 


Time of Observation 
2—6 
days 


92 + 14 
80 + 11 


3—5 
weeks 


89 + 12 
74+ 13 
13 +9 
43 +2 


5-8 
months 


95+ 10 
75+10 
125 
4l +3 


Mean arterial pressure (mm Hg) 
Heart rate (beats/ min} 
Pulmonary wedge pressure (mm Hg) 1126 
LV ejection fraction (9) 43 + 2 
LV end-diastolic volur-e index (mL/m*?) 72+3 86+ 5t 92 + 5tł 
LV stroke volume index (mL/m*) 3542 422 2¢ 42+ 2t 
*Defined by an area uncerneath the creatinine kinase/time curve > 10 U/liter x mê. 


tp <0.05 vs 2—6 days. 
to <0.05 vs 3—5 weeks. 


patients with small and large infarcts between 3-5 
weeks and 5-8 months. 

Since stroke volume increased in patients with 
large infarcts during the early phase of observation, 
left ventricular dilation can be considered to be a 
compensatory response to the loss of contractile 
myocardium and the depressed ejection fraction 
(Figure 1). The mechanism of this compensatory 
response is most likely structural dilation of the 
ventricle, with the geometric advantage provided 
by the larger volume. The concept of compensatory 
structural dilation to restore stroke volume is in 
accordance with various previous studies”? 
and with theoretical considerations.” However, 
according to Laplace’s law, an increase in ventricu- 
lar volume results in an increase in wall stress. 
Although hypertrophy of residual myocardium oc- 
curs gradually, most studies show that it is not 
sufficient to normalize wall stress. Thus, compensa- 
tory dilation is associated with the burden of 
permanently increased wall stress. 

In this study we observed the transition from 
compensatory left ventricular dilation from 2-6 
days to 3-5 weeks after myocardial infarction 
followed by noncompensatory dilation with no 
further hemodynamic benefit from 3-5 weeks to 
5-8 months after infarction. The increase in left 
ventricular volume from 72 + 3 to 92 + 5 ml/m* (or 
27%) seen in about half of our patients during this 
relatively short period suggests that a major patho- 
physiologic change occurred. Progressive left ven- 
tricular dilation and hemodynamic deterioration 
occurred only in the patients with large infarcts. 
However, our definition of “large infarct” was 
arbitrary. Patients with the most extensive infarcts 
were probably not included, since they were in 
cardiogenic shock or heart failure during the early 
postinfarction phase. Previously, we observed in- 
creases in left ventricular volume in patients with 
moderate as well as with large infarcts, 1.e., in two 
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- (LV) stroke volume Index and end-dias- 


FIGURE 1. Relation of left ventricuiar 


tolic volume index In 37 patients 2-6 
days, 3-5 weeks, and 5—8 months after 
a large myocardial Infarction. LV end- 
diastolic volume index Increased pro- 
gressively during the time of observa- 
tion. LV stroke volume index also 
increased, suggesting compensatory 
LV dilation during the early phase (3-5 
weeks). The further Increase In LV end- 
diastolic volume was not accompanied 
by an Increase In stroke volume and 
was therefore considered noncompen- 
satory. 


thirds of all infarct patients, during the 4 weeks 
following infarction.” Recent observations from 
our laboratory suggest that stroke volume and 
ejection fraction during exercise are progressively 
impaired in patients with large infarcts and left 
ventricular dilation and that wedge pressure in- 
creases more during exercise at 5-8 months than at 
3-5 weeks after infarction. Thus, although hemody- 
namics at rest were stable, they clearly deterio- 
rated during exercise. 

It is of clinical importance and of potential 
therapeutic value to analyze the determinants of 
left ventricular dilation. After infarct size, infarct 
location was considered to be one of the most 
important of these determinants. However, on 
average, patients with anterior infarcts develop 
larger infarcts and a considerable proportion of 
patients with inferior infarcts presented with dila- 
tion in this and earlier studies.” Early reperfusion 
achieved by thrombolytic therapy may reduce in- 
farct size and thus limit dilation. By changing the 
physical characteristics of the infarcted tissue, 
reperfusion itself may influence remodeling, as 
pointed out by Lamas et al? elsewhere in this 
supplement. This mechanism might explain the 
effectiveness of late thrombolytic therapy as ob- 
served in the Second International Study of Infarct 
Survival (ISIS-2) trial. 

Analysis of data from the Gruppo Italiano per lo 
Studio della Streptochinasi nell’Infarto Mio- 
cardico (GISSI) and other studies suggest a reduc- 
tion of left ventricular volume by thrombolytic 
therapy.” The effect on left ventricular dilation 
of other factors that affect left ventricular wall 
stress such as physical activity or B receptor block- 
ade is not well defined, whereas the use of ACE 


2-6 days 





3-5 weeks 5-8 months 


oe So Ge 


x p < 0.05 vs 2-6 days 
*-+- p< 0.05 vs 3-5 weeks 
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70 


80 90 
LV Enddiastolic Volume Index (mi/m?) 


inbibitors have been shown to limit cardiac dila- 
tion 23,24 


CONCLUSION 

Left ventricular dilatation in patients with large 
infarcts is associated with a poor prognosis. Earlier 
studies have noted the development of left ventric- 
ular enlargement in as many as two thirds of all 
patients with infarction.” Such dilation is progres- 
sive in about one third of patients and compensates 
for the loss of contractile myocardium and depres- 
sion of global ejection fractions. Although the 
reduction in ejection fraction persists, stroke vol- 
ume is restored by this compensatory dilation. 
However, the progressive nature of such enlarge- 
ment without further increase in stroke volume 
suggests that dilation plays a major role in the 
development of heart failure and perhaps sudden 
death following myocardial infarction. Dilation 
precedes hemodynamic deterioration, which be- 
comes evident during exercise after 6-8 months. 

Acknowledgments: We gratefully acknowledge 
the dedicated work of our students J. Strotmann 
and T. Jarausch, our technicians C. Zeller and I. 
Wendl, and our secretary, Chr. Wolff. 


REFERENCES 

L Linzbach AJ, Linzbach M. Die Herzdilatation. Klin Wochenschr 1951;29:621- 
630. 

2. Hort W. Ventrikeldilatation und Muskelfaserdehnung als fruheste morpholo- 
gische Befunde beim Herzinfarkt. Virchows Arch Path Anat 1965;339:71-82. 

3. Hutchins GM, Bulkley BH. Infarct expansion versus extension. Two dif- 
ferent complications of acute myocardial infarction. Am J Cardiol 1978;41:1127- 
1132. 

4. Weiss JL, Marino PN, Shapiro EP. Myocardial infarct expansion: recogni- 
tion, significance and pathology. Am J Cardiol 1991;68(suppl.):35D-40D. 

5. Anversa P, Olivetti G, Capasso JM. Cellular basis of ventricular remodeling 
after myocardial infarction. Am J Cardiol 1991;68(supp!):7D~16D. 


A SYMPOSIUM: VENTRICULAR REMODELING 119D 


6. Pfeffer MA, Braanwald E. Ventricular remodeling after myocardial infarc- 
tion. Experimenta. Dbservations and clinical implications, Circulation 1990;81: 
1161-1172. 

7. Kannel WB, SovIse P, McNamara PM. Prognosis after myocardial infarction. 
The Framingham € Udy. Am J Cardiol 1979;44:531-559, 

8. Taylor GJ, Humphries JO, Mellits ED, Pitt ED, Pitt B, Schulze RA, Griffith 
LSC, Achuff SC. Predictors of clinical course, coronary anatomy and left 
ventricular functior after recovery from acute myocardial infarction. Circulation 
1980;62:960-969. 

9. Gruppo Italianc per Jo Studio della Streptochinasi nell’Infarto Miocardico 
(GISSI). Effectivezess of intravenous thrombolytic treatment in acute myocar- 
dial infarction. Lar==t 1986;i:397-401. 

10. White HS, Nacis RM, Brown MA, Brandt PWT, Whitlock RML, Wild 
CJ. Left ventricular end-systolic volume as the major determinant of survival 
after recovery from nyocardial infarction. Circulation 1987;76:44—51. 

11 Pfeffer JM. F>gressive ventricular dilation in experimental myocardial 
infarction and its a:enuation by angiotensin-converting enzyme inhibition. Am 
J Cardiol 1991;68(sopl):17D-25D. 

12. Geltman EM, =hsani AA, Campbell MK, Schechtman K, Roberts R, 
Sobel BE. The initence of location and extent of myocardial infarction on 
long-term ventricuk- dysrhythmia and mortality. Circulation 1979;60:805-814. 
13. Messerli FH, “/2ntura HO, Elizardi DJ. Hypertension and sudden death: 
increased ventricuEr ectopic activity in left ventricular hypertrophy. Am J Med 
1984;77:18-22. 

14. Kostuk WJ, K:zamias TM, Gander M, Simon AL, Ross J. Left ventricular 
size after acute moocardial infarction. Serial changes and their prognostic 
significance. Circul son 1973;47:1174—1179. 

15. De Feyter PJ, ~ Eenige MJ, van der Wall EE, Bezemer PD, v Engelen 
CLJ, Funk-Kuppet AJ, Kerkkamp HJ, Visser FC, Roos JP. Effects of spontane- 
ous and streptokirsse-induced recanalization on left ventricular function after 
myocardial infarctisa. Circulation 1983;67:1039--1044. 

16. ISIS-2 (Seconc :nternational Study of Infarct Survival) Collaborative Group. 
Randomized trial -f intravenous streptokinase, oral aspirin, both or neither 
among 17,187 cases of suspected acute myocardial infarction: ISIS-2. Lancet 
1988;i:349-360. 

17. Jeremy RW, F-sckworthy RA, Bautovich G, Hutton BF, Harris PJ. Infarct 
artery perfusion at changes in left ventricular volume in the month after 
acute myocardial irfarction. J Am Coll Cardiol 1987;9:989-995., 

18. Lavie CJ, O’K=fe JH, Chesebro JH, Clements IP, Gibbons RJ. Preven- 
tion of late ventricuar dilatation after acute myocardial infarction by successful 
thrombolytic reperesion. Am J Cardiol 1990;66:31-36. 

19. Marino P, Zanclia L, Zardini P. Effect of streptokinase on left ventricular 
modeling and funcon after myocardial infarction: The GISSI (Grupo Italiano 
per lo Studio del Streptochinasi nell’Infarto miocardico) Trial. J Am Coll 
Cardiol 1989;14:11-*-1158. 

20. Villari B, Pisccne F, Bonaduce D, Golino P, Lanzillo T, Condorelli M, 


Chiariello M. Usefulness of late coronary thrombolysis (recombinant tissue- 
type plasminogen activator) in preserving left ventricular function in acute 
myocardial infarction. Am J Cardiol 1990;66:1281-1286. 

21 Jugdutt BI, Warnica JW. Intravenous nitroglycerin therapy to limit myocar- 
dial infarct size, expansicn, and complications. Circulation 1988;78:906-919. 

22. Yusuf S, Peto R, Lewis J, Collins R, Sleight P. Beta blockade during and 
after myocardial infarction: an overview of the randomized trials. Prog Cardio- a 
vasc Dis 1985;27:335-371 

23. Pfeffer MA, Lamas GA, Vaughan DE, Parisi AF, Braunwald E. Effect of 
captopril on progressive ventricular dilatation after anterior myocardial infarc- 
tion. N Engl J Med 1988;319:80-86. 

24. Sharpe N, Murphy J, Smith M, Hannan S. Treatment of patients with 
symptomless left ventricular dysfunction after myocardial infarction. Lancet 
1988;i:255-259. 

25. Gadsboll N, Hollund-Carlsen PF, Badsberg JH, Stage P, Marving J, Lon- 
borg-Jensen H, Jensen BH. Late ventricular dilatation in survivors of acute 
myocardial infarction. Ar J Cardiol 1989;64:961-966. 

26. Jeremy RW, Allman KC, Bautovitch G, Harris PJ. Patterns of left ventricu- 
lar dilatation during the six months after myocardial infarction. J Am Coll 
Cardiol 1989;13:304—310. 

27. Picard MH, Wilkins GT, Ray PA, Weymann AE. Natural history of left 
ventricular size and function after acute myocardial infarction. Assessment and 
prediction by echocardiographic endocardial surface mapping. Circulation 1990; 
82:484-494. 

28. Seals AA, Pratt CM, Mahmarian JJ, Tadros S, Kleiman N, Roberts R, 
Verani MS. Relation of left ventricular dilation during acute myocardial infarc- 
tion to systolic periormance, diastolic dysfunction, infarct size and location. Am 
J Cardiol 1988;61:224-229. 

29. Warren SE, Royal HD, Markis JE, Grossman W, McKay RG. Time 
course of left ventriculer dilatation after myocardial infarction: influence of 
infarct related artery and success of coronary thrombolysis. J Am Coll Cardiol 
1988;11:12-19. 

30. Gaudron P, Eilles C, Ertl G, Kochsiek K. Early remodelling of the left 
ventricle in patients with myocardial infarction. Eur Heart J 1990;11(suppl 
B):139-146. 

31. Maisch B, Ertl G, Eilles C, Gerhards W, Knoblauch J, Kochsiek K. Left 
ventricular function during VVI and DVI pacing at different rates as assessed 
by M-mode and two-dimensional echocardiography, gated single photon emis- 
sion computerized tomography (GASPECT) and thermodilution. In: Behren- 
beck DW, Sorston E, Fontaine G, Winter UJ, eds. Cardiac Pacemakers. 
Darmstadt, Germany: Stzinkopff Verlag. 1985;158-169. 

32. Gulch RW, Jacob R. Geometric and muscle physiological determinants of 
cardiac stroke volume as evaluated on the basis of model calculations. Basic 
Res Cardiol 1988;83:476-485. 

33. Lamas GA, Pfeffer MA, Braunwald E. Patency of the infarct-related 
coronary artery and ventricular geometry. Am J Cardiol 1991;68(suppl):41D-51D. 


120D THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 68 NOVEMBER 18, 1991 


eed 


a 


Influence of Severity of Heart Failure 
on the Efficacy of Angiotensin-Converting 
Enzyme inhibition 


Franz X. Kleber, mD, Lisa Niemöller, mD, M. Fischer, mp, and W. Doering, MD 


Angiotensin-converting enzyme (ACE) inhibition 
slowed the progression of congestive heart fail- 
ure (CHF) in 170 patients who were randomly as- 
signed to either captopril or placebo in the Mu- 
nich Mild Heart Failure Trial. The two major end 
points were progression from New York Heart As- 
sociation (NYHA) functional classes I, Il, or DI to 
class IV, despite optimal, adjusted standard ther- 
apy, and death due to CHF. The relative risk for 
progressive CHF with captopril therapy was 0.34 
(95% confidence interval = 0.17—0.68; p = 0.01). 
A total of 52 prerandomization variables were 
tested to determine their contribution to disease 
progression. Logistic regression analysis re- 
vealed 5 independent risk factors for progressive 
CHF: NYHA class, left ventricular end-systolic di- 
ameter, need for diuretic, age, and cardiotho- 
racic ratio. The presence of > 2 of these risk fac- 
tors increased the odds ratio for progression to 
8.13 (p <0.001) compared with the presence of 
0~2 risk factors. However, the effectiveness of 
captopril in preventing progression was higher 
within the subgroup of patients who had less se- 
vere CHF: the odds ratio was 0.12 (95% confi- 
dence interval = 0.03-0.45; p < 0.01) for pa- 
tients in NYHA class I or Il on captopril and was 
0.83 for those in class Ill. 

We conclude that the severity of CHF, as rep- 
resented by the above-defined risk factors, is 
directly related to the likelihood for the develop- 
ment of progressive heart failure. However, the 
less severe the heart failure, the more effective 
the treatment with captopril will be in preventing 
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disease progression. Thus, ACE inhibition has 
considerable potential for improving the progno- 
sis of patients with mild heart failure. 

(Am J Cardiol 1991;68:121D~—-126D) 


Ithough the symptoms of congestive heart 

failure (CHF) have been well recognized 

or thousands of years’ the realization that 
cardiac dysfunction is the major cause of these 
symptoms was determined only relatively recently. 
Since death is much more likely to occur among 
patients with New York Heart Association (NYHA) 
class IV heart failure** than among those with mild 
heart failure,”’ most studies assessing prognosis 
have focused on reducing mortality,’ and few 
have tried to limit progression of this disease.” 
However, the therapeutic efficacy of angiotensin- 
converting enzyme (ACE) inhibitors in preventing 
an increase in left ventricular volume as a potential 
compensatory mechanism for progressive pump 
dysfunction after acute myocardial infarction has 
been demonstrated in 3 trials.” 

The Munich Mild Heart Failure Trial (MHFT) 
included patients with mild (minimal to moderate) 
symptoms and tested whether an ACE inhibitor 
prevented the development of progressive heart 
failure, as reflected in NYHA functional class IV, 
as well as death from CHF." This report is con- 
cerned with the major parameters that determine 
the likelihood of disease progression. In addition, 
we tested whether the efficacy of ACE inhibition is 
limited to patients with minimal to mild CHF or to 
those with mild to moderate disease. 


METHODS AND STUDY DESIGN 

The MHFT has been described elsewhere,” and 
the study methods have been previously published 
in detail.“ Briefly, MHFT constituted a random- 
ized, double-blinded, placebo-controlled, parallel 
group monocenter trial involving 170 patients with 
CHF who were in NYHA functional classes J—III 
while receiving standard therapy. The patients 
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were randomly assigned to treatment with either 
captopril (n = 83) or placebo (n = 87) in addition 
to diuretics : 79%), digitalis (59%), nitrates (59%), 
and other stendard therapy as clinically appropri- 
ate. Entrance criteria consisted of slightly modified 
criteria after McKee et al." 

Baseline 2xamination included cardiac and gen- 
eral history. physical examination, laboratory 
workup, chsst radiograph, electrocardiography, 
echocardiog-aphy (when technically feasible), and 
either radiocuclide ventriculography or left ven- 
triculographs with cineangiography, as clinically 
appropriate. Patients in whom the etiology of the 
underlying cardiac diseases was unclear were ex- 
cluded. Foll-w-up examinations using a standard- 
ized questionnaire of cardiac complaints were 
performed at 3-month intervals. The total observa- 
tion period was 5 years (minimum 3 months, 
median 2.7 years). 

The dose of captopril was 25 mg twice daily, but 
this was ad-asted according to serum creatinine 
levels. 

End poinis included death due to heart failure, 
with subclass_fication into sudden death, and death 
due to purr> failure, as well as progression to 
severe heart failure (NYHA functional class IV) 
despite optimal, adjusted concomitant therapy. 

Statistic= According to the published litera- 
ture,’ a mort=lity of 37.5% at 2.5 years was assumed 
for the gro=p given placebo. To establish that 
progressive heart failure or CHF death was re- 
duced to 174% as a result of captopril therapy, a 
sample size of 170 patients was precalculated 
(a = 0.05, £ = 0.20, Fisher’s exact 2-tailed test). 
The 2 treatment groups were compared with re- 
gard to the main objective of the study according to 
the intentior -to-treat approach and using the same 
statistical model as for the sample-size calculation. 
Further stafstical analyses included the calcula- 
tion of odds ratios for 52 prerandomization vari- 
ables, regression analysis, and discriminant analy- 
Sis. 

informed consent: Informed consent was ob- 
tained from zach patient prior to randomization 
and after dezailed written information had been 
provided. 


RESULTS 

Descript-en of patients and underlying car- 
diac diseases: A total of 170 patients (128 males 
and 42 fema_es) with a median age of 63 years were 
randomized. In the majority of patients, CHF had 
been present for between 4 weeks and 12 months. 
The median observation period was 2.7 years. The 


122D THE AWERICAN JOURNAL OF CARDIOLOGY VOLUME 68 


most common cause of CHF was coronary artery 
disease with prior myocardial infarction (in 69%); 
20% had dilated cardiomyopathy and 12% had 
hypertensive heart disease. Most patients had mild 
clinical symptoms while on therapy (mean and 
median NYHA functional class IJ), although many 
had a history of more severe symptoms earlier. The 
mean ejection fraction was 35%. 

End points: Death: Twenty-two patients in each 
group died (25.9%): 81.8% of deaths were due to 
heart failure, 34.1% to pump failure, and 47.7% to 
sudden cardiac death. Kaplan-Meier life table 
5-year mortality in the placebo group was 40%. 
“Other cardiovascular” deaths occurred in 13.6% 
and noncardiovascular deaths constituted 4.5% of 
all deaths. Eleven of the 22 deaths in the placebo 
group and 4 of the 22 deaths in the captopril group 
were due to pump failure (p = 0.10). No differ- 
ences were found in sudden deaths and in the 
“other cardiovascular” or noncardiovascular deaths. 

Progression of heart failure to NYHA class IV: 
Heart failure progressed in 18.8% of all patients (9 
patients in the captopril group vs 23 patients in the 
placebo group; p = 0.01). Mean survival time with- 
out deterioration to NYHA functional class IV 
within a total observation period of 5 years was 
increased by 223 days in the captopril-treated 
group (p <0.02). The risk of disease progression to 
class IV was higher during the first year following 
randomization among patients randomized to pla- 
cebo, and this higher risk persisted beyond the time 
of observation. 

Total heart failure events: Total heart failure 
events (progression of CHF to NYHA functional 
class IV or death due to CHF) occurred in 19 and 
32 patients on captopril and placebo therapy, 
respectively (p = 0.065). After 1 year, 19% of the 
patients on captopril and 28% of those on placebo 
had experienced 1 of these major events; by the 
end of the study, these percentages were 31% and 
42%, respectively (life-table p = 0.07) (Figure 1). 

Determinants of progression of heart failure: Since 
the major difference in this study was found in the 
end point representing progression of CHF, the 
effect of 52 prerandomization variables on the 
likelihood of progression was investigated. Odds 
ratios and p values according to Fisher’s exact test 
(2-tailed) were calculated for each of these 52 
parameters. Table I shows all parameters for which 
the difference between the risk factor was signifi- 
cant (p <0.05). The major determinants of progres- 
sion of CHF, as shown in Table I, are measures of 
left ventricular or total heart size and function 
(cardiothoracic ratio, echocardiographic left ven- 
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tricular end-diastolic and end-systolic diameters, 
fractional shortening) and of congestion (need for 
diuretics, signs of pulmonary congestion on chest 
radiographs, paroxysmal dyspnea, neck vein disten- 
sion, pulmonary rales). In addition, tachycardia, 
inactive lifestyle, NYHA functional classification, 
and age have been found to be risk factors. 

Assuming an interdependency among some of 
these risk factors, we performed a multivariate 
logistic regression analysis within 4 categories: 
general findings, history, physical examination, and 
laboratory findings. Within each of these 4 catego- 
ries, the following factors were found to contribute 
independently to the progression of CHF: General 
findings, NYHA class IN and age over 6ü years; 
history, inactive lifestyle, need for loop diuretics, 
nocturia: physical examination, neck vein distension 
and pulmonary rales; and laboratory findings, left 
ventricular end-systolic diameter exceeding 51 mm 
(on M-mode echocardiography) and cardiotho- 
racic ratio above 50%. 

The following were not independent contribu- 
tors to risk for CHF progression. Gender, duration 
of CHF, dyspnea on exertion, fatigue, angina 
pectoris, mitral regurgitation (on auscultation), 
tachycardia (more than 120 beats/min), radio- 
graphic signs of lung congestion, left ventricular 
end-diastolic diameter, fractional left ventricular 
shortening, left atrial size, bundle-branch block on 
ECG, atrial fibrillation, and ejection fraction. 

The 9 risk factors that had been shown to be 
independent predictors of disease progression 
within their categories were then reanalyzed using 
an additional regression model. The following 
parameters were found to be independent contrib- 
utors to the progression of CHF to class IV: (1) 
NYHA Class III; (2) left ventricular end-systolic 
diameter >51 mm; (3) need for loop diuretics; (4) 
age over 60 years; and (5) cardiothoracic ratio 
>50%. Sedentary lifestyle, nocturia, neck vein 
distension, and pulmonary rales were not indepen- 
dent from these 5 parameters. 

Next, discriminant analysis was performed to 
determine how accurately patients could be classi- 


FIGURE 1. End points in the Munich Miid 
Heart Fallure Trial (MHFT). n.s. = differ- 
ence not significant. 





TABLE I Determinants of Progression of Congestive Heart 
Failure 


P Level 
{Fisher's 
exact test, 
2-sided) 


Patients with 
Progression (%) 


Risk Factor Odds Ratio 


Age > 60 years 
<60 years 
NYHA class Ill 
NYHA class [/1 
Lifestyle 
Inactive 
Active 
Loop diuretics 
Needed 
Not needed 
Tachycardia > 120 
beats/min 
Yes 
No 
Cardiothoracic ratio: 
> 50 
<50 
Pulmonary congestion on 
chest radiograph 
Yes 
No 
Echocardiographic left 
ventricular end-dias- 
tolic diameter (mm) 
>65 
<65 
Echocardiographic left 
ventricular end-sys- 
tolic diameter (mm) 
>51 
<51 
Fractiona! shortening (on 
echocardiography) 
<19 
>19 
Paroxysmal dyspnea 
Yes 
No 
Neck vein distention 
Yes 
No 
Pulmonary rales 
Yes 
No 


fied using these 5 independent risk factors. As 
shown in Table II, 77.9% could be characterized 
correctly. The larger the number of independent 
risk factors present, the higher the risk for progres- 
sion of CHF (Table III). In the absence of any of 
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TABLE H Accu-acy of independent Risk Factors* in Assigning a 
Patient to Two =ategories (Progression or No Progression of 
Congestive Hear Failure) 


Prognosticated Progression by 
Discriminant Analysis 


Yes No 


CHF Status Duri az Trial l . % 


Total 


23 
99 


122 


73.9 6 
21.2 78 


31.1 84 


26.1 
78.8 


68.9 


Progression 17 
No progression Zi 


Total 38 


*See text for explaa tion. 
CHF = Congestive teart failure. 


TABLE Ill Progr=ssion of Congestive Heart Failure as a 
Function of the Mlumber of Risk Factors* 


Progression of CHF 


No. of 
Risk Factors 
Present 


Yes (n = 32) No (n = 138) 


*Risk factors are MSHA class III, left ventricular end-systolic diameter (LVESD) > 51 
mm, need for loop diastics, age > 60 years, and cardiothoracic ratio > 50%. 
CHF = congestives=art failure, 


TABLE IV Prog 2ssion of Congestive Heart Failure as a 
Function of Rist Factors*—-Odds Ratio 


p Level 
(Fisher's exact 
test, 2-sided) 


Progression of CHF (n) 
—— Odds 


No. risk factors Yes No Ratio 


Risk factors are NTRA class IH, left ventricular end-systolic diameter (LVESD} >51 
mm, need for loop diaztics, age > 60 years, and cardiothoracic ratio > 50%. 





these risk facors, patients did not show progressive 
heart failure. whereas over 40% of patients with 
> 4 risk factcrs developed progressive CHF. When 
> 2 risk factors were present, the relative risk for 
the progression of heart failure was 8-fold in- 
creased compared with <2 risk factors (Table IV). 

Influence 2f prerandomization variables on the 
efficacy of caztopril: The same analyses were used 
to compare results observed in the patients in the 
placebo and captopril groups. A remarkable differ- 
ence was found in terms of the effectiveness of 
captopril in preventing the progression of CHF. As 
shown in Tate V, captopril was more efficacious in 
the patients who were less severely ill than in those 
with more sexere forms of disease. This difference 
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TABLE V Relative Risk of Progression of Congestive Heart 
Failure in Captopril Versus Placebo-Treated Group 


Patient Characteristics Odds Ratio P Level 


Age <60 years 
Age > 60 years 
NYHA class {/II 
NYHA class III 
LVESD <51 mm 
LVESD >51 mm 
No need for loop diuretics 
Need for loop diuretics 
Cardiothoracic ratio < 50 
Cardiothoracic ratio > 50 
Active lifestyle 
Inactive lifestyle 
No nocturia 
Nocturia 
No neck vein distention 
Neck vein distention 
No pulmonary rales 
Pulmonary rales 
Total 

*The 95% confidence limits are 0.17-0.68. 


LVESD = left ventricular end-systolic diameter; NS = difference not significant; 
NYHA = New York Heart Association. 


TABLE VI Progression of Congestive Heart Failure as a 
Function of Influence of Treatment fn the Presence of Few (<2) 
or More (3—5) Risk Factors 


No Risk 
Facters 


Patients with Odds 


Treatment Progression (%) Ratio p Level 


Placebo 


Captopril os 


0.0088 


Placebo 


Captopril Meaz 


NS 





was most prominent in parameters that reflected 
congestion, i.e., the need for loop diuretics, the 
presence or absence of neck vein distension and 
pulmonary rales, and lifestyle. The influence of 
disease severity on therapeutic efficacy is again 
illustrated by analyses of the 5 independent risk 
factors. If <2 of these 5 major risk factors for 
progression of CHF are present, the likelihood of 
progression of CHF in patients treated with capto- 
pril was reduced to less than 5% compared with 
patients treated with placebo, whereas in the 
presence of >2 of these risk factors, the relative 
risk was reduced to one half as a result of captopril 
therapy (Table VTI). : 


DISCUSSION 

This study was based on two assumptions: (1) 
Disease progression is a major determinant of 
prognosis in CHF and can be recognized reliably by 
clinical signs; and (2) ACE inhibitor therapy re- 
tards the progression of CHF and thus improves 
prognosis. Patients with CHF have an unfavorable 
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““ months. 
J 


prognosis. In mild heart failure, 3- to 5-year mor- 
tality is approximately 50%,** whereas in severe 
heart failure, 50-70% of patients die within 12 
2,3,5,16 

Several parameters have been shown to be 
predictors of outcome, including neurohormonal, 
hemodynamic, and clinical criteria.” Exercise ca- 
pacity and left ventricular ejection fraction have 
been shown to be particularly useful parame- 
ters,” as have activity of the renin—angiotensin 
system” and of the sympathetic nervous system.””” 
Serum sodium concentration” and the reciprocal 
of the atrial natriuretic peptide concentration” 
closely correlate with longevity in CHF. However, 
these parameters have been of limited value as 
predictors of prognosis in individual patients, and 
have thus far not been used as surrogates for 
mortality in clinical irials designed to improve 


„ prognosis. 


f 


i 


Therefore, we used a more complex parameter 
as evidence of progression of CHEF: the develop- 
ment of NYHA functional class IV during opti- 
mally adjusted therapy. Although assignment to 
classes I-M is heavily influenced by subjective 
judgment, the designation of class IV must meet 
rather rigid criteria. Influenced by both ventricular 
function and neurohormonal activity, class IV has 
been associated with a dramatically worse progno- 
sis than have NYHA functional classes I, II, and 
JII.°”"? This was confirmed by our results: mortal- 
ity was 2.5 times higher in patients reaching the 
end point NYHA functional class IV than in the 
other patients (53% vs 20%). Therefore, there is 
good evidence that this end point (class IV) reflects 
not only the severity of symptoms, but also indi- 
cates prognostic deterioration. 

` Captopril markedly influenced progression of 
CHF: the number of patients who reached the 
NYHA functional class IV end point was reduced 
considerably, the odds ratio being 0.34. This means 
that treatment with the ACE inhibitor (in conjunc- 
tion with standard therapy) reduced the likelihood 
of clinically overt progression of heart failure to 
one third that seen with standard therapy alone. 
However, the effect of captopril on disease progres- 
sion was not reflected in total mortality in this trial. 
The major reason for this discrepancy can easily be 
explained by the study design: Switching to active 
therapy all patients who reached the NYHA class 
IV end point (and were thus at higher risk) 
obscured the effects on mortality. In addition, 
reducing one cause of early mortality in patients 
with a variety of diseases does not necessarily 


improve longevity, as has been shown with other 
therapeutic interventions.” 

To help define appropriate candidates for capto- 
pril therapy of CHF, we investigated the preran- 
domization variables that affect the likelihood of 
CHF progression. Since progressive heart failure 
in itself was a good predictor of mortality in our 
trial, we were not surprised to find parameters as 
risk factors for progression of CHF similar to those 
shown to be major prognostic parameters: systolic 
function,’*” lung congestion,’*”’ exercise capacity” 
(reflected in our study by the NYHA functional 
classification), and age. This similarity of risk 
factors for progression of CHF and mortality under- 
lines the important contribution of progression of 
CHE to the unfavorable prognosis ‘of this condi- 
tion. 

Because patients with more maderate rather 
than mild forms of CHF are at a higher risk for 
progressive heart failure, treatment of these pa- 
tients with ACE inhibitors might be favored. How- 
ever, the therapeutic effects are not necessarily 
most prominent in the subgroup at highest risk. On 
the contrary, our data demonstrated that the milder 
the disease, the more effective the ACE inhibitor 
therapy. This was reflected in almost all parame- 
ters, NYHA functional class as well as radiograph- 
ically determined heart size, lifestyle activity, and 
signs of systemic and pulmonary congestion. It is 
further confirmed by other trials. Although therapy 
in this trial reduced the relative risk of progression 
of heart failure to 34%, the relative risk of mortal- 
ity in the ACE inhibitor arm in more severely ill 
patients in the CONSENSUS?’ and {Veterans Ad- 
ministration® studies were 55 and ie respec- 
tively. Thus, although the risks of progression of 
CHF and of death depend on the severity of heart 
failure, ACE inhibition is more effective in mild 
heart failure than in moderate or severe heart 
failure. | 

We conclude that even patients with relatively 
mild heart failure are at high risk of progression of 
their disease and that ACE inhibition favorably 
influences the natural course of this disease by 
slowing this progression. The milder the clinical 
severity of heart failure, the more pronounced the 
effects of these agents. These data st ongly support 
the inclusion of ACE inhibitors in the therapeutic 
regimen of patients with mild heart failure. 
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- Ventricular Enlargement Following Infarction Is 
a Modifiable Process 


Marc A. Pfeffer, MD, PhD, and Eugene Braunwald, MD 


The dilation and distortion of the left ventricle 


that may occur as a consequence of myocardial 
infarction are associated with a heightened risk 
for adverse cardiovascular events. Infarcts that 
are extensive, transmural, and involve the apex 
as well as persistently occluded, infarct-related 
coronary arteries are predisposing factors for 
ventricular enlargement. Infarct expansion is an 
early component of the overall process of volume 
enlargement, which later continues as a volume 
overload hypertrophy of the remaining myocar- 
dium. Therapy to limit myocardial necrosis has 
been associated with the preservation of a more 
normal ventricular architecture. The late phase of 
ventricular remodeling has also been shown to be 
amenable to therapy, as chronic administration 
of angiotensin-converting enzyme (ACE) inhibi- 
tors has been associated with a reduction in the 
extent of ventricular dilation. There is currently a 
great deal of clinical investigative interest not 
only in whether ACE inhibition therapy following 
acute myocardial infarction will result in preser- 
vation of ventricular volume and topography, but, 
more importantly, whether it will lead to an im- 
provement in clinical outcome. 

(Am J Cardiol 1991;68:127D—131D) 
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infarction results in a regional impairment 

of systolic function. In the case of small 
infarcts, compensatory responses of the viable 
myocardium are sufficient to offset the loss of 
myocytes and maintain global ventricular perfor- 
mance and geometry. However, with more exten- 
sive infarction, the ventricular chamber may re- 
model by an increase in volume that is not the 
consequence of an increase in distending pressure. 
This ventricular remodeling following myocardial 
infarction often is associated with a distortion of 
the chamber contour and an unfavorable increase 
in the chamber volume-to-mass ratio. 

Infarct expansion, as reviewed in this sympo- 
sium,’ is a process in which the infarct region thins 
and elongates? and which may be viewed as an 
early phase of the more global process of ventricu- 
lar remodeling following infarction. The combina- 
tion of the loss of myocytes and the early topo- 
graphic changes in ventricular architecture due to 
infarct expansion results in an augmented load on 
the remaining viable myocardium. Although the 
process of ventricular enlargement following myo- 
cardial infarction begins with regional necrosis and 
infarct expansion, further distortion and enlarge- 
ment of the ventricular cavity may continue well 
after histologic healing of the infarcted region.’ 
The increased cavitary volume may feed into a 
vicious cycle whereby enlargement, which initially 
restores pump function, now increases wall stress 
and leads to further enlargement. Detailed morpho- 
logic studies reviewed in this symposium’ support 
the hypothesis that the augmented stress on the 
remainder of the viable myocardium results in 
eccentric hypertrophy, which continues well after 
the healing of the initial myocardial infarction. 

The early studies of sequential echocardio- 
graphy that first identified and defined the clinical 
process of infarct expansion also demonstrated 
that patients with infarcts who manifested these 
changes in ventricular topography were at greater 
risk for adverse events than those with more 
preserved ventricular topography.*® Volume en- 


r l Vhe cellular necrosis produced by myocardial 


A SYMPOSIUM: VENTRICULAR REMODELING 127D 


largement following myocardial infarction has been 
shown to be a powerful predictor of reduced 
survival, wich even relatively small increases in 
volume beig associated with a heightened relative 
risk of deeth.’ The volume of the infarcted left 
ventricle hes been shown to be related to the extent 
of myocardial damage, as assessed by the percent- 
age of the ventricular silhouette that is either 
akinetic or dyskinetic.*” In addition, other factors 
such as the degree of transmurality, the patency of 
the infarct-telated vessel, and the location of the 
noncontractile tissue have an important influence 
on ventricular enlargement.” 

The enkergement, or remodeling, of the in- 
farcted left~entricle is, however, subject to modifi- 
cation. Of course, the prevention of myocardial 
infarction, ty definition, would eliminate the risk 
of volume enlargement and so the importance of 
primary prevention measures must be under- 
scored. Onc? an acute myocardial infarction begins 
to evolve, measures to restore and maintain the 
coronary a--ery patent are of proven benefit for 
salvaging rtyocytes, preserving contractile func- 
tion, and, most importantly, reducing mortality’ 
(Figure 1 [a]). The pooled experience of those 
placebo-com-rolled trials that evaluated the effi- 
cacy of thrombolytic therapy revealed only a mod- 
est improv=ment of ejection fraction (54% for 
active ther=py vs 51% for placebo), which, al- 
though significant, would not be anticipated to 
explain the 20% improvement in survival associ- 
ated with this form of therapy.’ These observa- 
tions and the demonstrated efficacy of late throm- 
bolytic therépy in prolonging survival, even when 
administered beyond the presumed period of myo- 
cyte salvag=, have led to the expansion of the 
simple paredigm in which the reduction of infarct 
size results in an improvement in ventricular func- 
tion and leads directly to an improvement in 
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survival. *” The modification of ventricular enlarge- 
ment following myocardial infarction is emerging 
as an important process that may account not only 
for the favorable late actions of thrombolytic ther- ` 
apy (Figure 1 [b]), but as well for the benefits of 
nitrate and angiotensin-converting enzyme (ACE) 
inhibition (Figure 1 [d]). 

Thrombolytic therapy in acute myocardial infarc- 
tion has been associated with a reduction of ventric- 
ular enlargement that is more impressive than the 
actual improvement in ejection fraction." Throm- 
bolytic therapy is anticipated to limit myocardial 
necrosis and transmurality, and thereby limit ven- 
tricular remodeling (Figure 1 [a]). However, as 
reviewed in this symposium,” the observation that 
patients with patent infarcted-related vessels are 
less likely to undergo late ventricular enlargement 
indicates that sustained coronary perfusion may 
also reduce the late phase of ventricular remodel- 
ing (Figure 1 [b]). 

The modification of hemodynamic factors asso- 
ciated with an augmented myocardial wall stress 
provides another promising modality with which to 
attenuate ventricular remodeling following infarc- 
tion. As reviewed in this symposium,” the judicious 
use of nitroglycerin in the acute phase of the 
infarct was associated with myocardial salvage and 
an improved clinical outcome (Figure 1 [c]). ACE 
inhibition therapy has been studied extensively in 
an animal model and has been consistently effec- 
tive in attenuating the late phase of ventricular 
enlargement (Figure 1 [d]).” These animal studies, 
reviewed in this symposium,” have demonstrated 
that the reduction of ventricular volume with 
chronic ACE inhibition is a consequence of both 
the attenuation of structural remodeling and the 
reduction in distending pressure. In the experimen- 
tal model of myocardial infarction, this pharmaco- 
logically-induced attenuation of ventricular remod- 


FIGURE 1. Relation between myocardial 
Infarct (MI) size, ventricular function 
(ejection fraction [EF]), and mortality 
and the interaction with therapy modi- 
fying post-Ml ventricular remodeling. (a) 
Early restoration of Infarct vessel pa- 
tency salvages myocytes, limits trans- 
murality and Improves outcome (sup- 
ply). (b) Maintenance of patency beyond 
the period of myocyte salvage has been 
associated with less remodeling. (c) 
Early optimization of hemodynamics 
salvages myocytes (demand), limits 
transmurality and requires outcome. (d) 
Anglotensin-converting enzyme Inhibi- 
tion therapy beyond the perlod of myo- 
cyte salvage reduces ventricular re- 
modeling. (e) WIll therapy that reduces 
ventricular remodeling lead to Improved 
survival? 
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eling was associated with an improvement in 
survival.” 

Clinical studies of the use of ACE inhibition 
following myocardial infarction have consistently 
shown that, in selected patients, the process of 
ventricular enlargement following infarction can 
be attenuated (Figure 1 [d]). In a study of the 
survivors of a first anterior Q-wave infarction, 
substantial left ventricular enlargement was shown 
to have already occurred within the first 3 weeks.” 
With that abnormal baseline volume, patients were 
randomized to receive either placebo or captopril 
in addition to conventional therapy and were 
followed for 1 year. The objective of this trial was 
to determine whether a late phase of ventricular 
enlargement occurred in humans and, if so, whether 
this process could be attenuated by chronic therapy 
with ACE inhibition. Using a sensitive paired t 
analysis, progressive enlargement was observed in 
the placebo group, but not in the patients assigned 
to active therapy. This late volume enlargement in 
the placebo group was heterogeneous, with some 
patients showing marked enlargement and others 


exhibiting a preservation of ventricular size and 


shape in the year following infarction. More exten- 
sive baseline akinesis and dyskinesis and the lack of 
patency of the infarct-related vessel emerged as 
important descriptors for the heightened likeli- 
hood of manifesting late-phase ventricular enlarge- 
ment. When compared with placebo patients at 
similar risk, patients at high risk for ventricular 
enlargement who were assigned to captopril ther- 
apy exhibited an attenuation in ventricular enlarge- 
ment.” 

In survivors of inferior as well as anterior 
Q-wave infarctions, Sharpe and coworkers” per- 
formed serial quantitative echocardiographic assess- 
ments of ventricular size. From their baseline 
volumes at 8 days, patients assigned to placebo had 
further ventricular enlargement and a deteriora- 
tion of performance. Randomization to furosemide 
therapy did not alter this process of ventricular 
enlargement in the year following infarction; how- 
ever, captopril therapy was associated with a reduc- 
tion in ventricular size and an improvement in 
function. Both of the aforementioned studies, which 
used cardiac catheterization and echocardio- 
graphic techniques to measure volume, have dem- 
onstrated that captopril can be safely administered 
to survivors of Q-wave infarctions with left ventric- 
ular dysfunction and that chronic therapy with this 
agent was associated with a preservation of ventric- 
ular size and function.” 

These observations have bolstered the investiga- 


tional interest in the use of ACE inhibition follow- 
ing infarction. Recent studies have focused on the 
earlier administration of ACE inhibitors in acute 
myocardial infarction in an effort to modify the 
acute process of infarct expansion as well as the 
late phase of ventricular enlargement. This early 
initiation of an ACE inhibitor requires an even 
closer scrutiny of safety issues since the attendant 
risk of precipitating ischemia is increased in the 
acute phase. As reviewed in this symposium,” 2 
trials employing ACE inhibitors indicate that this 
therapy can be well tolerated when administered to 
selected patients within the first 24 hours of myocar- 
dial infarction. 

An interesting recent approach has been to 
combine thrombolytic therapy with prompt ACE 
inhibition therapy during the hyperacute phase of 
infarction.”” Despite an initial report of unaccept- 
able hypotension with a combination of streptoki- 
nase and intravenous captopril,” more recent work 
has provided promising information that oral cap- 
topril can be administered as an adjuvant therapy 
to a thrombolytic agent. Both the Captopril and 
Thrombolysis Study Trial (CATS), combining cap- 
topril and streptokinase (presented in this sympo- 
sium”), and the Captopril plus tPA following Acute 
Myocardial Infarction (CAPTIN) trial, determin- 
ing the effects of tissue plasminogen activator and 
captopril (LeJemtel, TH, Hochman JS, Sonnen- 
blick EH: Personal communication), are adding 
the ACE inhibitor as early as possible to thrombo- 
lytic therapy, within the first 6 hours of myocardial 
infarction. These studies have quantitative echocar- 
diographic end points as primary outcome vari- 
ables and should provide definitive information as 
to whether adjutant therapy with captopril can 
augment the effects of thrombolytic therapy in 
attenuating ventricular remodeling (Figure 1 [b,d]). 

Studies of the early administration of ACE 
inhibition are not limited to patients deemed 
suitable for thrombolytic therapy. As presented in 
this symposium,” the safety pilot trial of open-label 
zofenopril therapy (part of the Survival of Myocar- 
dial Infarction Long-term Evaluation [SMILE] 
trial) within the first 24 hours of acute myocardial 
infarction in patients who did not receive thrombo- 
lytic therapy has generated information that early 
therapy is generally well-tolerated. This report 
confirms the overall safety of ACE inhibitors in 
acute myocardial infarction and provides some 
promise that larger trials may demonstrate a clini- 
cal efficacy. Despite promising observations and 
new approaches, the clinical efficacy of ACE inhibi- 
tion therapy following myocardial infarction re- 
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TABLE | Ongcing Multicenter Randomized Trials of Safety and 
Efficacy of Argiotensin-Converting Enzyme Inhibition Therapy 
in Improving Slinical Outcome of Myocardial Infarction* 


Initiation Follow-up 


ACE Patients (days) | (months) 


Cap EF <40% 3-16 
Ram CHF 3-10 
Zofen All l 
Cap All 1.5 
Enal All 


SAVE 

AIRE 

SMILE 
Chinese Card. 
CONSENSUS 0 
ISIS-4 40,000 Cap All 

GISSI-H pilot 1,000 Lisin All 

*Ongoing multcmnter randomized trials with clinical end points of angiotensin 
converting enzyme “thibitor therapy. 

ACE: angiotenS converting enzyme; AIRE: Cap = captopril; Card. 
CONSENSUS = &«operative North Scandinavian Enalapril Survival Study; “Enal = 
enalapril; GISSI-IT = Gruppo Italiano per to Studio Selks Streptochinasi nell'Infarto 
Miocardico; ISIS-< = Fourth International Study on Infarct Survival; Lisin = lisinopril; 


Ram = ramipril; SF VE = Survival and Ventricular Enlargement; SMILE = Survival of 
Myocardial infarcten Long-term Evaluation; Zofan = Zofenopril. 


2,241 
2,000 
3,000 
10,000 
9,000 





mains to be demonstrated (Figure 1 [e]). Studies 
whose end <oint is ventricular topography (Figure 
1 [b,d]) can only imply a clinical benefit, which then 
must be ccuvincingly demonstrated before ACE 
inhibition terapy is added to the armamentarium 
of postinfa-=tion management. Large trials with 
sufficient power to detect an improvement in clini- 
cal end poir.:s will be required to ascertain whether 
this attenue:ion in ventricular remodeling will be 
translated i-to an improved clinical outcome (Fig- 
ure 1 [e]). 

At presezt, there is a major international inves- 
tigative eff=rt that is focused on defining the 
clinical imp=ct of ACE inhibition following a myo- 
cardial inferction. The Survival and Ventricular 
Enlargemen: (SAVE) trial was the first such major 
undertaking which commenced randomization in 
1987 and will continue blinded observation until 
early in 1992. This cooperative venture between 45 
centers in Canada and the United States was 
designed tc determine whether captopril therapy 
would prolong survival and reduce the proportion 
of patients who experienced a marked deteriora- 
tion of eje=tion fraction in the years following 
myocardial mfarction. As detailed in this sympo- 
sium,” the ZAVE investigators have targeted pa- 
tients with a depressed left ventricular ejection 
fraction to determine the long-term consequences 
of ACE inh:bition therapy. More recently designed 
studies are, :n general, studying a broader popula- 
tion and ar= initiating ACE inhibition therapy in 
the early phese of infarction (Table I). 

The curr=nt intense effort to evaluate the poten- 
tial for ACE inhibition therapy to improve clinical 
outcome fo -owing infarction should soon provide 
a detailed evaluation of its role in patients experi- 
encing a m~ocardial infarction. Together, these 
studies should define fully the overall efficacy of 
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ACE inhibition therapy in reducing adverse clini- 
cal outcomes such as mortality, the development of 
heart failure, recurrent nonfatal myocardial infarc- 
tion, and other significant cardiovascular events. 
These detailed studies should also fully character- 
ize the risk of ACE inhibition therapy in the 
postinfarct patient, since taken cumulatively, thou- 
sands of patient-years of exposure to ACE inhibi- 
tion therapy will be available for direct comparison 
with patients assigned to placebo. Importantly, this 
major focus on the use of ACE inhibition postin- 
farction should also provide insight of a mechanis- 
tic nature regarding the progression to and preven- 
tion of symptomatic heart failure in survivors of 
myocardial iniarction. New information should 
also be generated regarding the potential interac- 
tions between neurohumoral influences, the pro- 
gression of coronary disease, and electrical stability 
with ventricular size and shape, and therefore a 
further expansion of the postinfarction paradigm 
will be necessitated. 
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